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Background
Data on the association between coronavirus disease 2019 (COVID-19) and the epidemi-
ology and outcomes of hematological malignancies are limited. Hence, the present study 
aimed to assess the imaging findings using chest multidetector computed tomography 
(MDCT) in patients with hematologic malignancies who developed COVID-19 
pneumonia.

Methods
This retrospective study included two groups, the first group consisted of COVID-19 in-
fected patients with hematologic malignancies (100 patients), while the second group 
consisted of COVID-19 infected patients without hematologic malignancies or other co-
morbidities (100 patients). The hematological malignancies included in this study were 
non-Hodgkin’s lymphoma (40 patients), acute myeloid leukemia (25 patients), chronic 
lymphocytic leukemia (15 patients), multiple myeloma (10 patients), Hodgkin’s lympho-
ma (8 patients), and myelodysplastic syndrome (2 patients). Chest multidetector CT 
imaging was performed in all patients to assess for ground-glass opacity, consolidation, 
pleural effusion, and airway abnormalities.

Results
More than one CT finding was reported in each patient. No significant difference was 
observed in the ground-glass opacities (P=0.0594), nodule formation (P=0.2278), or 
airway thickening/dilatation (P=0.0566) between the two groups; meanwhile, a sig-
nificant difference was observed in the degree of consolidation, the number of lobes af-
fected, and pleural effusion (P=0.0001) as well as in the total lung severity (P=0.0001); 
minimal, mild, and severe affection rates; and (P=0.0047) moderate affection rates.

Conclusion
Early and reliable diagnosis of lung disease in COVID-19-infected patients may be ach-
ieved through multidetector CT imaging. Patients with hematological malignancies are 
more likely to have severe COVID-19 pneumonia, and radiologists should recognize the 
CT characteristics of this infection.
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INTRODUCTION

The first case of pneumonia attributed to coronavirus dis-
ease-2019 (COVID-19) was reported in Wuhan, Hubei, 
China, in December 2019 [1]; in January 2020, the World 
Health Organization (WHO) declared the COVID-19 out-
break as a global health emergency [2]. The presenting symp-

toms of COVID-19 typically include fever, dry cough, and 
dyspnea; the other non-specific manifestations include head-
ache, fatigue, and muscle soreness. More severe forms of 
infection can result in severe pneumonia, acute respiratory 
distress syndrome, and even death [3]. 

COVID-19 is diagnosed using real-time polymerase chain 
reaction (RT-PCR) test, despite its relatively low detection 
rates and lower sensitivity compared with chest computed 
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Table 1. Baseline demographic findings of 100 patients with hematologic malignancies.

Hematologic malignancies Age (yr), range (mean)
Sex

Male Female Total

Non-Hodgkin lymphoma 25–58 (40.83) 26 14 40
Acute myeloid leukemia 43–67 (48.44) 16 9 25
Chronic lymphocytic leukemia 44–75 (50.2) 9 6 15
Multiple myeloma 41–55 (47.6) 4 6 10
Hodgkin lymphoma 27–45 (33.25) 5 3 8
Myelodysplastic syndrome 61–67 (64) 2 - 2
Total 25–75 (44.67) 62 38 100

Table 2. Clinical presentation of COVID-19 pneumonia in 100 
patients with hematologic malignancies and 100 patients from the 
control group.

Study group 
(N=100)

Control group 
(N=100) P

Fever 91/100 89/100 0.637
Cough 83/100 45/100 ＜0.001
Dyspnea 74/100 29/100 ＜0.001
Fatigue 48/100 39/100 0.200
Myalgia 67/100 62/100 0.460
Sore throat 23/100 34/100 0.085
Chest pain 16/100 14/100 0.692
Sputum production 17/100 7/100 0.030
Headache 28/100 26/100 0.750
Anosmia 56/100 51/100 0.478
Nausea 18/100 14/100 0.440
Diarrhea 12/100 6/100 0.138
Abdominal pain 14/100 9/100 0.269
Anorexia 15/100 12/100 0.535
Blenching 6/100 2/100 0.149

tomography (CT). Therefore, chest CT is currently used to 
screen for COVID-19 in clinically suspicious individuals with 
false-negative RT-PCR results. In addition to its diagnostic 
role in COVID-19, CT imaging is used in patient follow-up 
to evaluate the response to therapy [4-6]. This study only 
included hematologic malignant patients with confirmed co-
ronavirus disease 2019 (COVID-19) pneumonia, in order 
to examine and evaluate their chest CT findings.

MATERIALS AND METHODS

Patients
This retrospective study was approved by the Institutional 

Research Ethics Review Committee; the requirement for 
obtaining informed consent was waived due to the retro-
spective nature of this study. One hundred patients with 
an average age of 44.67 years (range, 25–75 yr) with hemato-
logic malignancies were diagnosed with COVID-19 by 
RT-PCR (rRT_q PCR by genesigⓇ real-time PCR, Primerdesign 
Ltd, UK); the patients’ baseline demographic findings are 
described in Table 1. The majority of patients presented 
with fever, cough, dyspnea, and myalgia (Table 2). Forty 
individuals were subjected to microbiological testing for the 
diagnosis of bacterial and fungal infections. Patients with 
pneumonia caused by common bacterial or viral infections 
were excluded from the study. The duration of this study 
was 3 months. These patients had the following hemato-
logical malignancies: non-Hodgkin’s lymphoma (40 pa-
tients), acute myeloid leukemia (25 patients), chronic lym-
phocytic leukemia (15 patients), multiple myeloma (10 pa-
tients), Hodgkin’s lymphoma (8 patients), and myelodys-
plastic syndrome (2 patients). Thirty patients had a history 
of comorbidities. Seven patients had a combination of car-
diomyopathy, diabetes mellitus, and hypertension, six pa-
tients had diabetes, and another six patients had hypertension. 
Five patients had cardiomyopathy and hypertension. Five 
patients were clinically obese, and one patient was alcoholic. 
Systemic hypertension was observed in these patients. A 
control group of 100 patients (median age, 46.2 yr) with 
confirmed COVID-19 diagnosed by RT-PCR but no hemato-
logic malignancies or other comorbidities was selected to 
match the study group.

MDCT technique
Multidetector CT (MDCT) chest examination was per-

formed using four scanners: Brilliance 64 (Philips Healthcare), 
SOMATOM go.Now (Siemens Healthcare), Symbia Intevo 
(Siemens Healthcare), and 16-slice Optima (GE Healthcare). 
Initial non-enhanced chest CT scans were performed within 
10 days (mean, 6 days) after disease onset. End-inspiratory 
images were taken using standard CT with the patient in 
the supine position at 120 kVp, automatic mA adjustment, 
3-mm slice thickness, 1-mm section reconstruction, 0.75–1.5 
pitch, and 0.625 mm collimation. The images were examined 
on mediastinal and lung windows (window widths: 350 HU 
and 1,600 HU; levels: 400 HU and –600 HU, respectively).

Image interpretation
Following the diagnosis of COVID-19, the initial MDCT 

images were reviewed to assess for ground-glass opacity 
(GGO), consolidation, the number of lung lobes affected, 
interlobular septal thickening, nodule formation, pleural ef-
fusion, and airway abnormalities such as airway wall thicken-
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Fig. 1. 63-year-old male patient 
with coronavirus disease (COVID-19)
and history of chronic lymphocytic
leukemia. Multidetector CT scan 
of the chest (A) showed bilateral 
pleural effusions (asterisks) and 
malignant lymphadenopathy in the
superior mediastinum (arrows); 
(B) bilateral ground-glass opacities
(asterisks); (C) bronchial dilatation
(arrow), bilateral ground-glass opa-
cities (asterisks), and right pneum-
onic consolidation (right triangles);
and (D) bilateral ground-glass opa-
cities (asterisks), bronchial dilatation
(arrows), and interlobular septal 
thickening.

ing and dilatation, in addition to the presence of any accom-
panying hilar, mediastinal, pleural, or pericardial findings. 
Patients showing GGOs and consolidation were assessed for 
laterality of lung disease, with the outer one-third of the 
lung being described as peripheral and the remainder as 
central. Bernheim et al. [7] used a severity scale to assess 
the severity of lung disease; the severity of affection in each 
of the five lung lobes was assessed and classified as no affec-
tion (0% involvement, score 0), minimal (1–25% involve-
ment, score 1), mild (26–50% involvement, score 2), moderate 
(51–75% involvement, score 3), or severe (76–100% involve-
ment, score 4). The overall lung “total severity score” was 
calculated as the sum of the five lobe ratings within a range 
of 0 to 20. A score of 1–5 was considered minimum, a score 
of 6–10 was considered mild, a score of 11–15 was considered 
moderate, and a score of 16–20 was considered severe. 
Lymphadenopathy-related COVID-19 has been defined as 
the appearance of a newly developed inflammatory lymph 
node with a short-axis diameter greater than 10 mm during 
infection. Statistical analysis was performed using the 
McNemar’s chi-square test, and a P-value of ＜0.05 was 
considered significant.

RESULTS

The study included 100 participants with hematologic ma-
lignancies (62 men and 38 women) and 100 individuals with 
no malignancies or comorbidities, which were selected to 
match the study group. In each patient, more than one CT 
finding was observed. GGO was detected in 100 out of 100 

and 95 out of 100 control groups (P=0.0594). Furthermore, 
consolidation was reported in 80 patients from the study 
group and in 27 patients from the control group (P=0.0001), 
while airway wall thickening and dilatation were detected 
in 70 patients from the study group and 56 patients from 
the control group (P=0.0566). Nodules were found in 18 
of the 100 patients from the study group and in 11 of the 
100 patients from the control group (P=0.2278). Pleural effu-
sion was observed in the 50 of the 100 patients from the 
study group and 7 of the 100 patients from the control 
group (P=0.0001); meanwhile, interlobular septal thickening 
was identified in the 32 of the 100 and 24 of the 100 patients 
from the control groups (P=0.2702). Lymphadenopathy was 
noted in 16 patients from the study group and in 5 patients 
from the control group (P=0.0192) (Fig. 1–4, Table 3). 

Central and peripheral lung affection was detected in 60 
patients from the study group and 37 patients from the con-
trol group (P=0.0018). Moreover, 30 of the 100 patients 
from the study group and 58 of the 100 patients from the 
control group showed peripheral affection (P=0.0001), while 
the 10 of the 100 patients from the research group and 
5 of the 100 patients from the control group demonstrated 
central affection (P=0.2828). Of the 500 lung lobes, 450 
were affected in the research group and 395 in the control 
group, respectively (P=0.0001). The incidence rates of lobar 
involvement were described in Table 3, 4. Meanwhile, 45 
patients from the study group and 15 patients from the con-
trol group had severe lung affection (P=0.0001), 45 from 
the study group and 25 from the control group had moderate 
lung affection (P=0.0047), 7 from the research group and 
30 from the control group had mild lung affection (P=0.0001), 
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Fig. 2. 36-year-old woman with 
coronavirus disease (COVID-19) 
and history of non-Hodgkin lym-
phoma. Multidetector CT scan of 
the chest (A, B) showed multiple
bilateral axillary and superior med-
iastinal looking malignant lymphad-
enopathy (arrows) and (C, D)
ground-glass opacities (asterisks), 
interlobular septal thickening, and 
bronchial dilatation (arrow). Follow-
up MDCT scan of the chest after 11 
days (E, F) showed improvement in 
ground-glass opacities (asterisks).

and 2 from the research group and 30 from the control 
group had minimal lung affection (P=0.0001). Pericardial 
effusion was noted in 10 patients from the study group and 
none from the control group. A difference was not found 
in the CT images according to sex, age group, and comorbidity 
in COVID-19 patients, and no difference was also found 
in the CT images of each hematologic malignancy. Death 
due to the detrimental effects of COVID-19 occurred in 
of 22 of 100 patients, all of whom had comorbidities, includ-
ing cardiomyopathy, diabetes mellitus, hypertension (7 pa-
tients), diabetes mellitus (4 patients), hypertension (4 pa-
tients), cardiomyopathy plus hypertension (4 patients), obe-
sity (2 patients), and alcoholism (1 patient).

DISCUSSION

The early detection of COVID-19 is essential for providing 
prompt treatment, particularly in patients with COVID-19 
pneumonia. This study examined 100 patients with hemato-
logic malignancy and confirmed COVID-19 pneumonia, 

most of whom (62/100) were men. This finding is consistent 
with that of a previous study [8], which reported a male 
affection rate of 62.9%. Understanding the clinical and chest 
CT findings of COVID-19 is crucial for the early detection 
of infection and assessment of disease response [9, 10]. 

For the assessment of COVID-19, chest CT has a higher 
sensitivity compared with RT-PCR assay [6]. COVID-19 
pneumonia was identified in all 100 patients in the current 
investigation, based on typical CT findings. The increased 
accuracy of CT may provide a basis for its standard use 
in the diagnosis of COVID-19. These findings are consistent 
with those of previous studies [10-12].

The most prevalent chest CT findings are bilateral multi-
focal GGOs with patchy consolidations and pronounced pe-
ripheral subpleural distribution [8, 11, 13]. Accounts from 
the current study coincided with these results in terms of 
GGOs (100/100 patients) and consolidation (80/100 patients). 
As regards the laterality of involvement, the lesions showed 
both central and peripheral distribution in 60 of the 100 
patients, peripheral distribution in 30 of the 100 patients, 
and central distribution in 10 of the 100 patients. This dis-
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Fig. 3. 55-year-old man with 
coronavirus disease (COVID-19) 
and history of acute myeloid 
leukemia. Multidetector CT scan 
of the chest (A, B) showed ground- 
glass opacities (arrows) and nodules
(triangles). Follow-up MDCT scan 
of the chest after 10 days (C, D)
showed increased ground-glass 
opacities (arrows) with newly 
developed mild left pleural effusion
(asterisk).

Fig. 4. 45-year-old woman with coronavirus disease (COVID-19) and history of multiple myeloma. Multidetector CT scan of the chest (A) showed 
dilated cardiac chamber, pericardial (arrow), and pleural effusions (asterisks) and (B, C) bronchial dilatation (triangle) and ground-glass opacities 
(arrows). Follow-up MDCT scan of the chest after 8 days (D) showed progression of pericardial effusion (arrow) and pleural effusion (asterisks) and 
(E, F) Ground-glass opacities (arrows) and a newly developed consolidation (oval).

parity may be attributed to the geographical distribution 
of the selected group of patients with hematologic 
malignancies. 

COVID-19-associated thoracic lymphadenopathy was de-

tected in 16 of 100 patients; however, no lung cavitation 
or calcification was detected in the patient group. These 
results coincide with reports of the control group and of 
previous studies [12, 14-18]. However, pleural effusion was 
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Table 4. Incidence of lobar involvement of COVID-19 pneumonia in 100 patients with hematologic malignancies and 100 patients from the 
control group.

N of patients Total N of lobes involved

Study group Control group P a) Study group Control group Pa)

1 lobe   0 (0%)   2 (2%) 0.498     0 (0.0%)     2 (0.5%) 0.4364
2 lobes   1 (1%)   3 (3%) 0.621     2 (0.4%)     6 (1.5%) 0.2096
3 lobes   7 (7%) 22 (22%) 0.003   21 (4.7%)   66 (16.7%) ＜0.001
4 lobes 33 (33%) 44 (44%) 0.110 132 (29.3%) 176 (44.6%) ＜0.001
5 lobes 59 (59%) 29 (29%) ＜0.001 295 (65.6%) 145 (36.7%) ＜0.001

a)P -values were calculated using a chi-square test except the values in the first two rows, which were calculated using Fisher’s exact test.

Table 3. Chest MDCT findings of COVID-19 pneumonia in 100 
patients with hematologic malignancies and 100 patients from the 
control group.

Study 
group 

(N=100)

Control 
group

(N=100)
P

Ground-glass opacity 100/100 95/100 0.0594
Consolidation 80/100 27/100 0.0001
Nodule 18/100 11/100 0.2278
N of lobes 450/500 395/500 0.0001
Interlobar septal thickening 32/100 24/100 0.2702
Pleural effusion 50/100 7/100 0.0001
Lymphadenopathy 16/100 5/100 0.0192
Airway thickening/dilatation 70/100 56/100 0.0566
Central and/or peripheral
   Central 10/100 5/100 0.2828
   Peripheral 30/100 58/100 0.0001
   Central and peripheral 60/100 37/100 0.0018
Total lung severity
   Minimal 3/100 30/100 0.0001
   Mild 7/100 30/100 0.0001
   Moderate 45/100 25/100 0.0047
   Severe 45/100 15/100 0.0001

detected in 50 of the 100 study patients, which was in conflict 
with that observed in the control group and previous studies 
[19, 20], a difference possibly attributable to the side effects 
of chemotherapy rather than the COVID-19 itself. Zhou 
et al. [8] (2020) found pleural effusion in 9.7% of the patients, 
while another study reported an interlobular septal thicken-
ing in 70.6% and pulmonary nodules in 21.5% of the patients 
[11]. By contrast, the current study reported an interlobular 
septal thickening in 32 of the 100 patients and nodule for-
mation in 18 of the 100 patients.

COVID-19 is typically diagnosed through review of epi-
demiological history, assessment of clinical symptoms, evalu-
ation of imaging findings, and RT-PCR testing. The chest 
results of COVID-19 patients often mimic those of patients 
with other viral diseases, including the influenza A (H1N1) 
virus infection, common cold, and other coronavirus illnesses 
such as severe acute respiratory distress syndrome and Middle 
East respiratory syndrome [20-26]. As a result, a detailed 

history of the close interaction with a verified or suspected 
patient is critical for the diagnosis, and an RT-PCR test 
should be performed in individuals with characteristic clin-
ical and radiological manifestations indicative of COVID-19 
for verification.

Cancer patients are more likely to acquire COVID-19- 
related severe illness [27]. The present study corroborates 
these findings and reported 45 patients showing severe dis-
ease and another 45 showing moderate disease. The severity 
of COVID-19 pneumonia was more pronounced in the re-
search group than in the control group, most likely because 
of the low immunity of patients with malignancy. Although 
the frequency of untimely death in individuals with 
COVID-19-infected cancer in China was reported to be 
28.6% [27], findings from the present study show relatively 
similar results, with death occurring in 22 of the 100 patients. 

The shortage of long-term follow-up and the retrospective 
nature of the analysis are the limitations of the present study.

CONCLUSION

Multidetector CT scan was used to establish an early and 
reliable diagnosis of lung disease caused by COVID-19. A 
significant pattern of COVID-19 pneumonia has been de-
tected in individuals with hematologic cancer. The typical 
CT characteristic of COVID-19 pneumonia is presence of 
GGOs. Radiologists should be aware of the CT findings of 
this type of viral infection in patients with hematologic ma-
lignancies, with prompt consideration of the diagnosis of 
COVID-19 pneumonia.
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