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Abstract 
Lymphoma-related malignancies can be categorized as Hodgkin’s lymphoma (HL) or non-Hodgkin’s lymphoma (NHL) 
based on histologic characteristics. Although quite rare during pregnancy, HL and NHL are the fourth and fifth most common 
malignancies during the pregnancy period, respectively. Given the rarity of lymphoma among pregnant patients, radiologists 
are usually unfamiliar with the modifications required for staging and treatment of this population, even those who work 
at centers with busy obstetrical services. Therefore, this manuscript serves to not only review the abdominopelvic imaging 
features of lymphoma in pregnancy, but it also discusses topics including birthing parent and fetal lymphoma-related prog-
nosis, both antenatal and postpartum, current concepts in the management of pregnancy-related lymphoma, as well as the 
current considerations regarding birthing parent onco-fertility.
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HL and NHL are the 4th and 5th most common 
malignancies that may occur in pregnancy, 
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• The diagnosis may be delayed due to the 
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Introduction

The diagnosis of “lymphoma” broadly encompasses hemato-
logic malignancies derived from lymphocytes and lympho-
blasts. These malignancies can be categorized as Hodgkin’s 
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lymphoma (HL) or non-Hodgkin’s lymphoma (NHL) based 
on histologic characteristics. The age-standardized global 
incidence of HL in 2020 has been estimated to be 0.98 cases 
per 100,000 individuals per year among adult and pediatric 
patients [1], whereas NHL has an estimated age-standard-
ized global incidence in 2020 of 7 cases per 100,000 individ-
uals per year [2]. Although quite rare during pregnancy, HL 
and NHL are the fourth and fifth most common malignancies 
that may occur during the pregnancy state, respectively [3]. 
It has been previously estimated that lymphoma can compli-
cate approximately 1 in 6000 pregnancies [4].

Hodgkin’s lymphoma has a bimodal distribution with 
peak incidences in the mid-to-late 20s, and after age 50 
[5, 6]. Therefore, this is the most common lymphoma type 
among those diagnosed during pregnancy. To date, no defin-
itive causal relationship between pregnancy and HL has been 
established, to our knowledge [6]. While there is growing 
evidence that sex hormones play a role in lymphoid cell pro-
liferation, these studies suggest a potential protective role of 
sex hormones against the development of HL [7, 8].

The incidence of NHL increases with age, reaching 
upwards of 150 cases per million individuals in the adult 
population [9]. Out of many types of NHL, B-cell lymphoma 
is the most common type reported among pregnant patients 
[6]. Risk factors for the development of NHL are a history of 
human immunodeficiency virus, solid organ transplantation, 
and X-linked lymphoproliferative syndrome, as well as those 
with prior successful treatment of HL [9]. Sex hormones 
may have an influence on the development of NHL-follicular 
lymphoma, but have not been found to have an association 
with other NHL-subtypes [10].

Both HL and NHL most commonly originate from within 
lymph nodes. Lymphomatous involvement of sites other than 
lymph nodes is termed extranodal lymphoma, which can 
be primary or secondary. In primary extranodal lymphoma, 
disease originates in an organ (not lymph nodes) such as 
in primary central nervous system lymphoma. In second-
ary extranodal lymphoma, there is extension from a site of 
lymph node disease into an adjacent organ. In general, HL 
is considered a lymph node disease (i.e., lymph nodes and 
spleen) with extranodal disease only uncommonly encoun-
tered. When primary and secondary extranodal disease is 
present, it is most often related to NHL (i.e., pleura, liver, 
kidneys, and bowel, among other potential sites) [11–16]. 
Interestingly, pregnant patients with NHL have a high rate 
of extranodal lymphoma at presentation, reported at 26% 
of subjects in a study conducted by Evens et al., but to our 
knowledge, the cause for this increased incidence remains 
unknown [17].

The diagnosis of lymphoma may be delayed in the con-
text of pregnancy given that the symptoms of lymphoma 
may masquerade as physiologic changes due to pregnancy. 
Symptoms which are considered suspicious for lymphoma 

among the general population, which mimic physiologic 
changes in pregnancy, include fatigue, profuse sweating, 
and dyspnea on exertion [6]. Unfortunately, lymphoma in 
pregnancy is more likely to be aggressive on presentation 
than in non-pregnant women, and is often Stage IV at the 
time of diagnosis.

After a thorough literature search, the authors could not 
find any references that would address whether the radio-
logic features of lymphoma in the abdomen and pelvis could 
be affected specifically by pregnancy.

Although hormonal influence may play a role in the 
development of lymphoma, an increased risk for the devel-
opment of lymphoma in pregnancy (initial lymphoma diag-
nosis or relapse of lymphoma while pregnant) has not yet 
been identified, to our knowledge. At present, potential 
relapse is not typically a consideration in reproductive plan-
ning for patients with a history of lymphoma, whether cured 
or in remission [18].

In this review, we discuss the imaging options of pregnant 
patients that become diagnosed with lymphoma or surveil-
lance of those who are in remission, including US, CT, MRI, 
and nuclear imaging, as well as tissue diagnosis. The staging 
and prognosis are discussed with management, treatment, 
and surveillance of lymphoma in pregnancy. Additionally, 
the risks of the fetus through treatment are discussed. This 
review also touches on the current considerations regarding 
birthing parent onco-fertility. To ensure that this review is 
supportive and inclusive of the transgender population, the 
term “birthing parent” will be used in place of “maternal” 
[19].

Imaging of lymphoma in pregnancy

Ultrasound

Ultrasound is utilized as an initial imaging modality for 
assessment of the pregnant patient with suspected abdomi-
nal pathology, such as urinary obstruction or appendicitis 
[20]. Benefits of ultrasound examinations include wide-
spread availability and absence of ionizing radiation. A dis-
advantage of ultrasound lies in the fact that it is sonographer 
dependent. Ultrasound is also limited by depth and spatial 
resolution, and therefore, is best to evaluate superficial lym-
phadenopathy and solid organs, particularly the liver, kid-
neys, and spleen, with otherwise limited utilization in the 
chest and abdomen.

Lymphomatous disease on ultrasound can have vari-
able appearances depending whether it is an indolent or a 
more aggressive subtype. Classic HL and low-grade NHL 
may only appear as enlarged lymph nodes (> 1 cm short 
axis), which are rounded, and possibly hypoechoic with a 
“pseudocystic appearance” (Fig. 1) [15, 21]. The presence 
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of a lymph node fatty hilum does not necessarily indicate 
benignity, as this feature can be maintained in some cases 
of metastatic disease, such as micro-metastases, which are 
defined as conglomerations of tumor cells between 0.2 and 
2 mm on pathologic assessment [22, 23]. Focal or diffuse 
eccentric cortical thickening can indicate the presence of 
malignant tumor infiltration in spite of a normal lymph node 
size and maintained fatty hilum, and these features should 
be reported when identified [24].

Lymphomatous involvement of the spleen can have a var-
iable appearance ranging from diffuse enlargement without 
the presence of a solitary nodule or mass, or multiple focal 
nodules [25]. Involvement of the spleen in HL is consid-
ered as nodal disease, but in the case of NHL the spleen 
is regarded as an extranodal site [26]. On ultrasound, the 
involved spleen may appear hypoechoic with scattered vas-
cularity [25].

Extranodal lymphomatous disease can appear as a soft-
tissue mass with irregular contours (Fig. 2) without much 
vascularity on Doppler interrogation [27]. Ultrasound can 
be used to identify soft tissue encasing the aorta and/or infe-
rior vena cava in some cases of lymphoma. Hydronephrosis 
related to encasement of the ureters may also be identified 
(Fig. 3).

Computed tomography (CT)

Trauma is one of the primary indications for obtaining a CT 
examination of the abdomen and pelvis during pregnancy. 
Otherwise, ultrasound and magnetic resonance imaging are 
the typical preferred examinations since they do not expose 

the birthing parent or fetus to ionizing radiation. Although 
trauma and other emergent conditions are justifications for 
CT of the abdomen and pelvis in pregnancy, to our knowl-
edge there is no published data addressing the rate of inci-
dental lymphoma detected on emergency CT examinations.

The CT appearance of lymphoma can range between 
isolated nodal enlargement to extranodal disease with or 
without adjacent structural infiltration (Fig. 4) [21]. The 
lymph nodes that are involved with lymphomatous disease 
may appear enlarged (> 1 cm short axis), rounded, and pre-
dominantly homogenous in attenuation [21]. Lymphoma of 
abdominal solid organs can appear as discrete solid masses, 
or can be diffusely infiltrative [21]. The infiltration of adja-
cent structures can potentially lead to vascular occlusion 
(Fig. 5), bowel obstruction, or urinary obstruction, and may 
invade the reproductive organ.

Splenic lymphomatous foci are typically hypoattenuating 
and hypoenhancing compared to the normal splenic paren-
chyma [25]. The gastrointestinal system is the most common 
site of extranodal lymphoma, and can present as bowel wall 
thickening, polyps/masses, and “aneurysmal” luminal bowel 
dilatation [21]. Osseous lymphomatous involvement can be 
lytic, sclerotic, or mixed [13]. In cases of osseous disease, 
evaluation for extraosseous soft-tissue extension is impor-
tant since this feature is associated with more aggressive 
lymphomas [13, 21].

In a study by Maggen et al. in a study of 80 subjects 
showed 26.5% extranodal lymphoma involvement in the 
reproductive organs [28]. They hypothesized that the 
involvement of reproductive organs may be due to the 
increased blood supply to these reproductive organs that 
occurs during pregnancy, or possibly by the presence of 

Fig. 1  21-year-old woman at 8 weeks gestation with bilateral breast 
nodularity. Gray-scale ultrasound of the left axilla demonstrates an 
enlarged lymph node that measures 3.5 × 1.4  cm in long and short 
axis. The lymph node fatty hilum is maintained; however, the eccen-
tric cortical thickening is present (arrow). This patient was subse-
quently diagnosed with diffuse large B-cell lymphoma

Fig. 2  40-year-old Latina woman at 23 weeks gestation with abdomi-
nal fullness. Gray-scale abdominal ultrasound demonstrates a lobu-
lated 6  cm hypoechoic mesenteric mass (arrow). This patient was 
subsequently diagnosed with diffuse large B-cell lymphoma. The 
hyperechogenic focus within the central aspect of the mass (arrow-
head) likely represents an artifact related a site of cystic change when 
correlating with the subsequently obtained magnetic resonance imag-
ing examination shown in Fig. 6
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gestational hormonal receptors on malignant lymphocytes, 
although further research on this topic is required [28].

Lastly, the currently available research does not support 
withholding administration of iodinated contrast during 
pregnancy from birthing parents when its use is appropri-
ately indicated. While there are rare reports of newborn 
hypothyroidism following the administration of iodinate 
contrast to the birthing parent, the routine evaluation of thy-
roid-stimulating hormone in all infants at the time of birth to 
specifically assess for contrast-induced thyroid dysfunction 
is not required [29].

Magnetic resonance imaging

The features of lymphoma on MRI are variable and depend 
on the involved organ as well as the degree of disease 
aggressiveness. There are no absolute MRI signal features 

that can be used to unequivocally suggest a diagnosis of lym-
phoma prospectively, and soft-tissue sampling is ultimately 
required to confirm the diagnosis. Similar to other imaging 
modalities, the involved lymph nodes may be enlarged. In 
cases of splenic lymphomatous disease, the foci may dem-
onstrate increased restricted diffusion compared to adjacent 
normal splenic parenchyma. Post-contrast images may show 
mild enhancement, although the focal nodules are typically 
hypoenhancing relative to normal spleen.

Extranodal lymphomatous masses can be solid or 
necrotic, hypointense on T1-weighted imaging, hyperin-
tense on T2-weighted imaging, and appear hyperintense on 
diffusion-weighted imaging (DWI), with hypointense sig-
nal on apparent diffusion coefficient (ADC) maps (Fig. 6) 
[15, 30]. Comparing adjacent normal tissue to that of an 
abnormal soft-tissue focus signal features can help raise 
the level of suspicion for lymphomatous involvement, 

Fig. 3  28-year-old woman at 25 weeks gestation with flank pain and 
urinary retention. a Gray-scale renal ultrasound demonstrates mild 
right-sided hydronephrosis (arrow). Mild left-sided hydronephrosis 
was present as well (not shown). A follow-up abdominal magnetic 
resonance imaging examination was obtained to assess for urinary 
obstruction. b Sagittal T2-weighted MR image demonstrates an infil-
trative retroperitoneal/extraperitoneal mass beginning at the level 
of the aortic bifurcation and extending to the level of the anorectum 

(arrow). The mass also abuts portions of the gravid uterus (star), cer-
vix (arrowhead), and vagina (thin arrow) as well as portions of the 
bladder (curved arrow). c Parasagittal T2-weighted MR image dem-
onstrates the mass encasing the dilated right ureter (arrow). The 
hydronephrotic right kidney is partially imaged (arrowhead). d Axial 
T2-weighted MR image demonstrates the infiltrative mass invading 
the mesorectal space (arrow), encasing the rectum (curved arrow), 
and involving the presacral space (arrowhead). Bladder (small arrow)
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or increase the level of confidence. On MRI, lymphoma 
is usually T1 hypointense with variable appearance on 
T2-weighted imaging.

In recent years, MRI has become more routinely used in 
the staging and monitoring of lymphoma, while non-PET 
whole-body MRI (WB-MRI) has demonstrated comparable 
capability for lymphoma detection, staging, and treatment 
response assessment to that of PET-CT [31]. A benefit of 
WB-MRI is lack of ionizing radiation; however, some of the 
key limitations include lack of wide availability and limited 
billing/reimbursement. Additionally, MRI is limited in its 
ability to image the mediastinum due to cardiac motion arti-
fact [30, 31]. Unfortunately, there are no standardized “opti-
mal” MRI protocols used for the evaluation of lymphoma, to 
our knowledge. Sequences that can be used for tissue signal 
and size assessment of lymphatic and non-lymphatic organs 
include non-contrast enhanced T1- and T2-weighted MRI 
(with and/or without fat-saturation) and short tau inversion 
recovery.

DWI can increase tumoral tissue conspicuity in some 
cases with lymph nodes appearing hyperintense on high 
B-value sequences. DWI data can also be used quantitatively 
to generate ADC maps providing functional information 
that can potentially be trended for assessment of treatment 
response [30–32]. Unfortunately, both normal lymph nodes 
and the normal spleen will demonstrate restricted diffusion 
at baseline, which can make suggestion for lymphomatous 
involvement difficult in the absence of structural abnormal-
ities such as enlargement [31]. Additionally, there are no 

Fig. 4  21-year-old woman at 12  weeks gestation with known dif-
fuse large B-cell lymphoma and worsening tachypnea, same patient 
as Fig. 1. IV contrast-enhanced axial computed tomography image of 
the mid abdomen demonstrates multifocal peri-aortic lymphadenopa-
thy (arrow), with mass effect displacing the inferior vena cava later-
ally (arrowhead)

Fig. 5  30-year-old woman at 
34 weeks and 5 days gestation 
presenting with mediastinal 
mass. a Axial and b coronal 
contrast-enhanced CT images of 
the chest show a large ante-
rior mediastinal mass (arrow) 
compatible with biopsy proven 
primary B-cell lymphoma, and 
a right-sided pleural effusion 
(arrowhead). The axial image 
also demonstrates features of 
mass effect related to medias-
tinal mass, including: leftward 
deviation of the mediastinal 
contents (star) and absent 
visualization of the superior 
vena cava due to occlusion 
by the mass. c Axial contrast-
enhanced CT image through 
the upper abdomen shows an 
enlarged pre-phrenic lymph 
node (arrow). d Axial contrast-
enhanced CT image through the 
lower abdomen shows a gravid 
uterus with embryo (arrow). No 
findings of lymphomatous dis-
ease were demonstrated below 
the diaphragm
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definitive ADC maps values that can be used to confidently 
differentiate a normal lymph node from lymphoma, to our 
knowledge [30]. In a meta-analysis of 338 non-pregnant 
patients comparing WB-MRI to FDG-PET-CT in pre-
therapeutic staging of lymphoma, WB-MRI was superior 
to PET-CT for assessment of indolent disease, but both had 
98% accuracy for the detection of HL and aggressive NHL 
with FDG-avidity [32]. Studies have also found that PET-CT 
is less accurate than WB-MRI in the diagnosis of indolent 
NHL due to the lack of FDG avidity in those patients. Lin 
G et al. conducted a systematic review in 457 patients with 
either lymphoma, multiple myeloma, or sarcoma, and com-
pared PET-CT to WB-MRI with diffusion-weighted imaging 
and WB-MRI without DWI [33]. They found that WB-MRI 
with diffusion-weighted imaging had a sensitivity of 94% 
for the detection of the aforementioned diseases, which was 
statistically significantly higher than the 88% sensitivity of 
WB-MRI without DWI [33].

Latifoltojar et al. attempted to determine the optimal MRI 
sequence for staging in 22 patients with HL and DLBCL 
[34]. This study evaluated four combinations of WB-MRI 
protocols, and compared them to baseline PET-CTs. The 
investigators used pre-contrast modified Dixon (mDixon), 
T2-weighted turbo-spin-echo (TSE), diffusion, dynamic-
contrast-enhanced (DCE) liver/spleen, IV contrast-enhanced 

(CE) lung MRI, and CE whole-body mDixon. The sequences 
were then divided into groups: (1) WB-MRI DWI in-phase, 
(2) WB-MRI T2-TSE, (3) WB-MRI CE mDixon + DCE 
liver/spleen and CE Lung mDixon, and (4) WB-MRI All. 
The primary conclusion of the study was that “WB-MRI 
All,” which combined all sequences, had the highest sensi-
tivity and specificity for the assessment of lymphoma when 
comparing to PET-CT, by 100% [34]. Further review of this 
publication is beyond the scope of this manuscript; however, 
the study contains additional details that may be of interest 
to the reader. Practically, obtaining multiple MRI sequences 
requires a relatively substantial allotment of time that may 
be difficult for pregnant patients to tolerate, and radiology 
departments to accommodate.

As more research comparing WB-MRI to PET-CT is 
becoming available, it seems that WB-MRI offers competi-
tive performance over PET-CT. While the optimal WB-MRI 
protocol for lymphoma is not yet known, to our knowledge, 
diffusion-weighted imaging and ADC maps are seemingly 
likely to play a role.

As the safety of IV gadolinium use during pregnancy is 
still not well established to date, the generally accepted prac-
tice is to not administer gadolinium to pregnant patients [35]. 
The 2022 American College of Radiology Manual on Con-
trast Media emphasizes that gadolinium contrast should be 

Fig. 6  40-year-old Latina 
woman at 23 weeks gestation 
with abdominal fullness and 
known intra-abdominal mass 
demonstrated on prior ultra-
sound, same patient as Fig. 2. 
a Coronal T2-weighted non-fat 
saturated MR image demon-
strates a mildly T2-hyperintense 
6 cm mesenteric mass (arrow) 
that abuts the gravid uterus (thin 
arrow). b Axial T2-weighted 
fat- saturated MR image 
demonstrates that the mass is 
mildly T2-hyperintense (arrow). 
c Enlarged retroperitoneal 
lymph nodes are present as 
well (arrowhead), which were 
contiguous with the mesenteric 
lymphadenopathy. This patient 
was subsequently diagnosed 
with diffuse large B-cell lym-
phoma
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administered cautiously in pregnant patients, and it should 
only be used if the potential information gained from the 
use of the contrast is considered beneficial and would justify 
the potential risks to the fetus [36]. To our knowledge, there 
have been no studies published demonstrating an increased 
risk of fetal anomalies when IV gadolinium contrast has 
been administered to pregnant patients when compared to 
patients who have not received gadolinium contrast while 
pregnant [36]. Since gadolinium agents may cross the pla-
centa, enter the fetal circulation, and accumulate within the 
amniotic fluid, there is a potential risk of gadolinium disso-
ciation which could in theory result in nephrogenic systemic 
fibrosis (NSF). However, to our knowledge there have been 
no published cases of birthing parent or fetal NSF result-
ing from the administration of gadolinium contrast during 
pregnancy [36].

Positron emission tomography (PET)

18F‑Fluorodeoxyglucose positron emission tomography/CT 
(PET‑CT)

Although the fetal radiation exposure associated with PET-
CT has been shown to be below the deterministic effect 
threshold, physicians and patients may remain understand-
ably apprehensive in obtaining this examination during the 
antepartum period [37]. PET-CT may be rarely indicated 
during pregnancy as a troubleshooting procedure to better 
localize or stage the lymphomatous disease, especially if 
the PET-CT findings are expected to have an effect on dis-
ease management during pregnancy, or may be inadvert-
ently obtained in the setting of a false negative pregnancy 
[37–40]. Radiation to the fetus with PET-CT results from 
external irradiation from radiotracer activity within adja-
cent maternal organs (for e.g., bladder and bowel), internal 
irradiation from F-18-FDG crossing through the placenta, 
and from the ionizing radiation related to the CT component 
[37, 40]. In rare situations in which PET-CT is to be per-
formed during pregnancy, using a lower dose of radiotracer, 
compensated for by increased image acquisition time, along 
with frequent urinary bladder emptying can help minimize 
fetal dose [37–41].

On PET-CT, degree of organ involvement with lymphoma 
can be evaluated by semi-quantitatively measurement of the 
site’s standard uptake value (SUV). Before raising concern 
that a finding is lymphomatous disease, it must first be com-
pared to the physiologic background (normal mediastinal 
blood pool, and liver), as well as assessed to ensure that it 
does not correspond to a normal anatomic finding (i.e., nor-
mal bowel activity, or brown fat) [21]. There is no absolute/
specific SUV for lymphoma; however, higher SUV meas-
urements can be seen with more aggressive disease [21]. In 
general, a potential lymphoma focus with an SUV greater 

than the reference background would be considered PET 
positive for disease involvement [21, 42].

18F‑FDG‑PET‑Magnetic resonance imaging (PET‑MRI)

PET-MRI is an emerging technology that is not yet widely 
available. These examinations offer the combined benefits 
of tumor metabolic assessment from the PET, as well as 
the non-ionizing radiation benefits of MRI, which would 
eliminate the extra radiation dose from CT to the fetus [41]. 
Heacock et al. previously demonstrated the comparability 
of PET-MRI to PET-CT in 24 lymphoma patients with a 
96.4% staging concordance [43]. PET-MRI can be used to 
upstage patients by identifying sites of marrow disease that 
were not depicted on PET-CT due to absence of hypermeta-
bolic activity [44]. Compared to MRI alone, PET-MRI has a 
greater ability to depict nodal disease, thus improving stag-
ing [45]. Aside from the limited availability of PET-MRI 
scanners, another potential limitation is the extended time by 
30 min to an hour for a complete examination [30].

Chest radiographs

Chest radiographs are no longer utilized as the primary 
means of evaluating for features of thoracic lymphoma as 
they are not sensitive for depiction of all sites of thoracic 
lymphomatous disease when compared to CT [46, 47]. 
However, chest radiography can provide a general, limited, 
assessment for presence of intra-thoracic lymphomatous dis-
ease (Figs. 7, 8) [44, 48]. A non-contrast chest MRI could be 
obtained for a more detailed evaluation of the chest.

Fig. 7  21-year-old woman at 8  weeks gestation with dyspnea, same 
patient as Fig.  1. Posteroanterior chest radiograph demonstrates a 
large left-sided mediastinal mass (arrow), indicating presence of 
intra-thoracic lymphomatous disease
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Mimics of lymphoma on imaging

Non‑lymphomatous lymphadenopathy

To the authors’ knowledge, pregnancy in and of itself has 
not been a previously reported cause for lymph node enlarge-
ment. As such, when lymphadenopathy is encountered in 
a pregnant patient the potential etiology should be sought, 
such as history of recent viral infection or features of infec-
tion on imaging. Considering the on-going COVID-19 pan-
demic, cases of axillary lymphadenopathy warrant correla-
tion with history of recent COVID-19 vaccination as this 
is a known cause of ipsilateral lymphadenopathy [49, 50]. 
Lymphadenopathy resulting from COVID-19 infection has 
also been reported, which may be due to a humoral immune 
response to the SARS-CoV-2 virus [51].

Lymph node features that are suspicious for malignancy 
are discussed in the previous sections of this manuscript. 
When a cause for lymphadenopathy is not elicited, follow-
up imaging and/or physical examination may be required to 

ensure interval resolution. If there is substantial concern that 
the lymphadenopathy reflects a neoplastic etiology, tissue 
sampling may be required to further evaluate (Fig. 9).

Splenic enlargement

In adults, the spleen is considered enlarged when it meas-
ures > 13 cm in craniocaudal dimension. Splenomegaly in 
and of itself is non-specific, and in pregnant patients it can 
reflect physiologic change related to the increased blood vol-
ume [52]. Studies have previously observed a linear splenic 
growth pattern throughout pregnancy that can reach up to 
13 cm in length [52, 53]. Isolated/primary splenic lymphoma 
is rare, occurring in < 1% of lymphoma cases [25]. Spleno-
megaly is more likely to reflect lymphoma when findings of 
lymphomatous disease, such as lymphadenopathy, are iden-
tified elsewhere. Therefore, if isolated splenic enlargement 
is identified in a pregnant patient, it would seemingly most 
likely reflect a non-lymphomatous process.

Fig. 8  23-year-old woman at 22 weeks gestation presenting with neck 
fullness and shortness of breath. a Portable anteroposterior chest radi-
ograph demonstrates an enlarged cardiomediastinal silhouette (arrow-
heads) and right pleural effusion (arrow). Abdominal lead shielding 
was utilized (star). b Axial contrast-enhanced CT chest image shows 
large anterior mediastinal mass (arrowhead), compatible with biopsy 
proven Hodgkin’s lymphoma. The mass causes leftward deviation 

of the mediastinal contents (star), and compresses the superior vena 
cava (thin arrow). Bilateral pleural effusions are also present (arrows). 
c Axial contrast-enhanced CT neck image demonstrates enlarged 
bilateral cervical lymphadenopathy (arrows). d Coronal T2-weighted 
abdominal MR image of the abdomen and pelvis shows a gravid 
uterus (arrow), but without evidence of lymphomatous disease below 
the diaphragm
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Splenic abnormalities

The majority of splenic focal abnormalities are benign (i.e., 
hemangiomas, sarcoidosis), and a review of such lesions 
is beyond the scope of this manuscript; however, there are 
several more recently published review articles on this topic 
that are available to the reader (Fig. 10) [25, 54].

Thymus

The thymus normally involutes as patients enter into adult-
hood. During times of stress, including pregnancy, the 
thymus usually decreases in size; however, in postpartum 
period, the thymus may return to its original size, or become 
larger in a phenomenon termed “thymic rebound hyperpla-
sia” [55]. Radiologically, thymic rebound hyperplasia can 

be suggested based on the presence of smooth contours, 
variable amounts of fat, and normal traversing vessels in 
the mediastinum [55]. By comparison, thymic neoplastic 
processes, including lymphoma, are usually associated with 
a nodular contour which may be accompanied by necrotic 
or calcified components [55]. An enlarged thymus in the 
presence of thoracic lymphadenopathy should raise con-
cern for lymphoma [55]. When necessary, a non-contrast 
chest MRI can be obtained to differentiate thymic rebound 
hyperplasia from a thymic neoplasm by calculating the 
thymic chemical-shift-ratio [56]. On in- and out-of-phase 
MR sequences, the normal thymus and rebound hyperplasia 
should lose signal on out-of-phase imaging due to the pres-
ence of interspersed fat amidst the non-malignant thymic 
tissue [56]. Quantitative assessment of the thymic tissue can 
also be performed by comparing the signal intensity change 

Fig. 9  29-year-old woman at 12  weeks gestation presenting with 
hyperemesis gravidum, elevated liver function tests, and epigas-
tric pain. a Sagittal ultrasound image of the gallbladder fossa dem-
onstrates a 3 cm hypoechoic mass (arrow) posterior to the gallblad-
der (arrowhead). b Transverse color Doppler image shows possible 
trace vascularity (arrow) within the hypoechoic lesion. c Coronal 
T2-weighted MR image of the abdomen demonstrates a mildly 
T2-hyperintense 3  cm mass in the right upper quadrant that corre-
sponds to the ultrasound finding (arrow). The gravid uterus is par-

tially visualized (arrowhead). A suspicion for possible lymphoma 
was raised. Subsequently, tissue sampling of the mass was performed, 
and the histopathology revealed reactive lymphoid tissue without evi-
dence of lymphoma. d Axial fused image from follow-up PET-CT 
obtained after delivery demonstrates hypermetabolic activity within 
the right upper quadrant mass, but the mass was stable size compared 
to the prior examinations. The mass remained stable in size on fol-
low-up examinations that were over multiple years
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of the thymus to skeletal muscle between in- and out-of-
phase with a ratio < 0.5–0.6 [56]. Lack of uniform signal 
suppression and elevation of the chemical-shift-ratio should 
be considered suspicious for a neoplastic process, including 
lymphoma [56].

Staging of lymphoma in pregnancy

Tissue sampling

While imaging features can raise concern for lymphoma, 
biopsy is ultimately required to establish the diagnosis. Path-
ological assessment also allows for lymphoma subtyping, 
which influences staging and treatment planning.

There are multiple factors that radiologists must con-
sider when performing an image-guided biopsy in a 

pregnant patient, including modality (CT, US, MRI), dis-
ease site to target and approach, as well as type of anes-
thesia to be utilized. When the targeted structure is super-
ficial, such as an axillary or inguinal lymph node, local 
anesthesia can often be safely achieved with cutaneous 
lidocaine. However, when an intra-abdominal or intra-
pelvic structure is the target, an interdisciplinary discus-
sion may be needed with the patient’s care team and an 
anesthesiologist to determine whether procedural sedation 
may be required. A multidisciplinary approach is needed 
to review topics including the target site location, poten-
tial procedural complications, required patient positioning 
and its potential effect on the birthing parent and/or fetal 
vitals, as well as whether an obstetrician should be pre-
sent during the procedure. The physician performing the 
procedural sedation should be knowledgeable about preg-
nancy physiology, as well as the administered medication 

Fig. 10  31-year-old woman at 36 weeks gestation with severe abdom-
inal pain. An initial abdominal ultrasound was remarkable for chole-
lithiasis and pancreatic ductal dilation (not shown). Non-contrast 
abdominal magnetic resonance imaging was obtained to evaluate the 
pancreas. a Coronal and b axial T2-weighted non-fat-saturated MR 
images demonstrate main pancreatic ductal dilation abruptly termi-
nating at the pancreatic head (arrow). The spleen is enlarged measur-
ing 15 cm craniocaudal, and it contains multiple 1–2.5 cm hypodense 

nodules (arrowhead). Gravid uterus (thin arrow). c On follow-up IV 
contrast-enhanced abdominal computed tomography, hypoenhancing 
splenic nodular foci are present (arrowhead). An obstructing calculus 
at the duodenal ampulla causing biliary and pancreatic ductal dilation 
is not shown. d IV contrast-enhanced CT-guided percutaneous biopsy 
at one of the splenic foci was performed (circle indicates biopsy nee-
dle). On subsequent histopathology, non-caseating granulomas were 
present, consistent with sarcoidosis
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pharmacological profiles and their effects on both the 
birthing parent and the fetus [57, 58].

Lymphoma staging

A discussion on the various lymphoma staging systems (i.e., 
Ann Arbor, Lugano, St. Jude’s) is beyond the scope of this 
manuscript. The primary role of the diagnostic radiologist 
is to provide key anatomical information to allow for accu-
rate staging, including the sites/regions of lymphadenopathy 
(i.e., exclusively above or below the diaphragm, or lymphad-
enopathy on both sides of the diaphragm), the presence of 
bulky disease (lymph node conglomerate ≥ 10 cm or 1/3 of 
the transthoracic diameter), single or multiple sites of extran-
odal disease, features of bone marrow disease, and features 
of central nervous system disease. In cases where PET is 
performed, reporting metabolic activity is also helpful.

Prognosis and treatment 
of pregnancy‑related lymphoma

Hodgkin’s lymphoma

HL tends to have a more indolent course, and is often diag-
nosed with early-stage disease IA/B or IIA. It has a similar 
3-year survival prognosis as in non-pregnant patients of 
approximately 97% [59]. Therefore, treatment of early stages 
of HL may be deferred until the patient is postpartum. If the 
disease is discovered in more advanced stages, the treatment 
option depends on the pregnancy trimester (or gestational 
age of the fetus).

Traditionally, HL is treated with one of the two chemo-
therapy regimens (Table 1) plus radiotherapy [6]. During the 
1st trimester the embryo is most vulnerable to teratogens, 
and usage of chemotherapeutic agents can cause sponta-
neous pregnancy loss. Thus, multi-agent chemotherapy 

regimens are contraindicated. In some advanced cases of 
lymphoma, combination therapy becomes unavoidable 
and therapeutic termination of pregnancy is generally sug-
gested [6]. In some first trimester advanced lymphoma cases, 
a bridging therapy approach using vinblastine or steroids 
could be considered with the goal of reaching the second 
trimester to then initiate a multi-agent regimen. With regards 
to radiotherapy during the 1st trimester (weeks 1–8), dose-
related teratogenic effects are possible; however, multiple 
studies have demonstrated that in select cases of localized 
supradiaphragmatic lymphomatous disease, radiation can 
be administered without adverse fetal outcomes so long as 
proper abdominopelvic shielding is utilized.

In the second and third trimesters when organogenesis 
is complete, the risk of congenital malformations related to 
chemotherapy is ≈3%, similar to the risk among the general 
population; thus, ABVD chemotherapy is considered to be 
safe or of low risk [6].

Non‑Hodgkin’s lymphoma

NHL, specifically diffuse large B-cell lymphoma (DLBCL), 
runs a more aggressive clinical course compared to HL, 
more frequently involving reproductive organs, and is more 
often discovered at an advanced stage when patients present 
[6]. The 3-year survival in NHL is approximately 82% [59]. 
Depending on pregnancy status and stage there are different 
treatment options for management of the DLBCL.

Similar to HL, if a NHL patient requires a multi-drug 
regimen in the first 2–10 weeks of gestation, then pregnancy 
termination is recommended [6]. When a pregnant patient 
with lymphoma becomes symptomatic in the late first tri-
mester, a short course of cyclophosphamide and steroids 
could be used as a treatment bridge until week 12 gestation 
is reached, at which time a chemotherapy regimen can be 
initiated (Table 2) [6].

Table 1  Hodgkin’s lymphoma chemotherapy regimen [6]

1st trimester 2nd and 3rd trimester

Chemotherapy Regimen Multiagent chemotherapy regimens are contraindicated • Considered safe/low-risk: Doxorubicin hydrochloride 
(Adriamycin), bleomycin sulfate, vinblastine sulfate, 
and dacarbazine (ABVD)

• Discouraged during pregnancy due to insufficient data 
regarding potential fetal toxicity: Bleomycin sulfate, 
etoposide phosphate, doxorubicin hydrochloride 
(Adriamycin), cyclophosphamide, vincristine sulfate 
(Oncovin), procarbazine hydrochloride, and prednisone 
(BEACOPP)

General oncology therapy 
recommendations

• Delay treatment if possible
• Possible bridging therapy with vinblastine and steroids
• Therapeutic termination if multiagent combination 

therapy must be used

• See above
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In the second and third trimesters the administration of 
R-CHOP is considered safe; however, there is an increased 
risk of pre-term birth [6]. Delivery should be scheduled at 
least 2–3 weeks after cycle completion to allow for bone 
marrow recovery and fetal drug excretion [6].

Transplacental transmission of lymphoma

Transplacental transmission of birthing parent malignancy 
to the fetus is exceptionally rare [60]. In theory, the trans-
placental transmission of malignant lymphocytes is pos-
sible, but they would normally be removed by the fetus’s 
immune system [61]. A proposed reason for occurrence of 
transplacental transmission of lymphoma involves failure of 
fetal immune response, either from immaturity, immunode-
ficiency, or shared HLA haplotype between the mother and 
the fetus [61]. As of the time of this writing, the authors 
located two case reports within the last 50 years of trans-
placental lymphoma transmission, both NHL of natural 
killer cell T-cell lymphoma and B-cell lymphoma [60, 61]. 
In both case reports, the infants were diagnosed with lym-
phoma before 1-year-of-age, and neither survived long after 
diagnosis.

Fetal biometry and neonatal prematurity

In a multicenter, retrospective cohort study published in 
2019, Maggen et al. evaluated the outcomes of 134 patients 
diagnosed with HL while pregnant, and found that there was 
no difference in birthing parent survival when compared to 
non-pregnant patients with HL [62]. However, the study did 
note that pre-term labor and rupture of membranes were 
higher in HL patients who received antenatal therapy com-
pared with cases where chemotherapy was deferred until 
postpartum [48, 62].

In cases of HL, there are some reports mentioning higher 
rates of infant prematurity and low birth weight when 
birthing parents received ABVD chemotherapy, but these 
findings may be related to elective pre-term deliveries as 
opposed to direct effect of the chemotherapy [6, 48].

In cases of NHL, the administration of R-CHOP has been 
shown to have a slight increased risk of pre-term delivery 
and low birth weight [6].

Other considerations

Treatmen of Extranodal lymphoma involving 
reproductive organs

Treatment strategies for cases of reproductive organ infiltra-
tive lymphoma are similar to those described for other cases 
of lymphoma in pregnancy. In 2013, Horowitz et al. per-
formed a systematic review of reproductive organ involve-
ment in pregnant patients with NHL and identified 121 
patients among 74 papers that were published between 1967 
and 2011 [63]. In their review, the 6-month mortality for 
patients who received antepartum chemotherapy was 21.4% 
compared to 43.9% in those who did not [63]. Therefore, 
delaying initiation of chemotherapy can result in adverse 
maternal outcomes in such patients.

Interdisciplinary approach to care

The care of pregnancy-associate lymphoma patients is com-
plex. Specialists from several fields of medicine are required 
to weigh in on topics including imaging, chemotherapy, 
birthing plan, and surgical intervention. As such, these 
patients should be discussed in a multidisciplinary tumor 

Table 2  Non-Hodgkin’s lymphoma chemotherapy regimen [6]

1st trimester (0–12 weeks) 2nd and 3rd trimesters

Regimen Multiagent chemotherapy regimens are contraindicated • R-CHOP: rituximab, cyclophosphamide, hydroxydauno-
rubicin hydrochloride, vincristine, and prednisone)

• Cyclophosphamide has been studied in pregnant patients 
with autoimmune diseases, and was found to be safe after 
the completion of organogenesis

General oncology 
therapy recommen-
dations

Symptomatic pregnant patients:
• Therapeutic termination if multiagent chemotherapy is 

immediately required
• Late first trimester (12–13 weeks): Cyclophosphamide 

and steroid bridging therapy could be considered until 
the 12th week of gestation is complete, at which time a 
full anthracycline regimen can be initiated

Asymptomatic patient and without critical disease (i.e., 
airway compromise, CNS compression):

• Chemotherapy initiation should be delayed until the 2nd 
trimester to allow for the completion of organogenesis

See above



1675Abdominal Radiology (2023) 48:1663–1678 

1 3

board setting, which in general have been shown to improve 
oncologic patient management [64].

Family planning

Onco‑fertility

Onco-fertility is a rapidly developing medical specialty that 
combines the knowledge bases of oncology and fertility 
medicine. These specialists are uniquely qualified in their 
ability to provide patients with fertility counseling and man-
agement options before, during, and after oncologic treat-
ments. The chemotherapy and radiation therapy used for 
treatment of lymphoma can be gonadotoxic, which would 
then lead to premature ovarian insufficiency and loss of fer-
tility [65, 66]. Therefore, when considering the high 5-year 
survival rate in cases of lymphoma, infertility is a real pos-
sibility, and a discussion regarding potential gonadotoxicity 
related to anticancer treatments should be undertaken with 
all reproductive age patients [65]. Fertility preservation and 
restoration options can be categorized as: established, debat-
able, and experimental. Established options include embryo 
freezing and egg freezing [65]. Debatable options include 
fractional radiation therapy dosing, oophoropexy, and use 
of ovarian protection techniques (i.e., reproductive hormo-
nal suppression) [65]. Lastly, experimental options include 
ovarian tissue freezing for future autotransplantation, and 
oocyte in vitro maturation [65]. Ultimately, these patients 
can be best served in a multi-disciplinary setting to align 
their reproductive health goals with the available treatment 
options, and to then set realistic expectations.

Birth control recommendations

Implementation of contraception is not a requirement for 
those undergoing cancer treatments [67]. Therefore, clinical 
recommendations for usage of contraception should occur 
during a shared decision-making visit with the patient. Con-
siderations included in the discussion are risks for throm-
boembolism development, as well as desire for maintained 
fertility [67].

Breastfeeding considerations

Breastfeeding has immediate and long-term benefits for both 
the nursing infant and the mother. However, chemothera-
peutic agents often used to treat lymphoma can be excreted 
into breast milk. Therefore, cessation of breastfeeding dur-
ing chemotherapy is recommended. Additionally, some of 
the chemotherapeutic agents can persist in the breast milk 
even after completion of a chemotherapy cycle, and parents 
may need to wait 3–6 weeks post-treatment before resuming 
breastfeeding [68–70].

18F-FDG PET-CT is commonly used for the staging of 
lymphoma. The nuclear regulatory commission advisory 
committee on medical uses of isotopes (ACMUI) recom-
mends breastfeeding discontinuation for 4 h following F18-
FDG PET-CT [71]. 18F-FDG can become concentrated in 
breast tissue and be excreted into the breast milk. Therefore, 
to limit an infant’s radiation exposure through contact with 
the imaged parent’s breast tissue, it is recommended that 
holding the infant be ceased for 12 h following 18F-FDG 
administration [72].

Conclusion

Lymphoma in pregnancy is rare, and the radiologist may 
be the first physician to suggest the diagnosis. Although a 
diagnosis of lymphoma may be suspected based on the com-
bination of patient’s age, symptoms, and radiologic findings 
of lymphadenopathy and splenomegaly, these features may 
be non-specific, and tissue sampling is required to establish 
the diagnosis. Interdisciplinary discussions are key for opti-
mizing the patient’s care, including review of institutionally 
available radiologic examinations for staging (i.e., low-dose 
CT and whole-body MRI), available clinical and surgical 
oncologic expertise, as well as determination of the need 
for immediate pregnancy intervention. With current medical 
therapies, lymphoma in pregnancy patients do not neces-
sarily require rapid initiation of chemotherapy or radiation, 
and treatment can be postponed to after birth. In some cases, 
full-term delivery remains possible.

Acknowledgements None.

Author contributions In accordance with the Authorship and Co-
authorship Requirements for Manuscripts Submitted to Biomedi-
cal Journals of International Committee of Medical Journal Editors 
(ICMJE), all the authors have made substantial contributions to: 
conception and design, drafting the article or revising it critically for 
important intellectual content, and final approval of the version submit-
ted to the Journal.

Funding No funding was used for the creation of this manuscript.

Data availability Not applicable.

Code availability Not applicable.

Declarations 

Conflict of interest K.D.; H.H.; D.S.K; S.E.; M.T.; M.V.R; J.W.R: 
Nothing to disclose. D.S.K: Activities related to the present article: 
No relevant relationships. Activities not related to the present article: 
Editorial board member of RadioGraphics. M.V.R. Activities related 
to the present article: No relevant relationships. Activities not related 
to the present article: Editorial board member of RadioGraphics, roy-
alties from Elsevier. M.M: Activities related to the present article: No 
relevant relationships. Activities not related to the present article: Edi-
tor of the RSNA Case Collection.



1676 Abdominal Radiology (2023) 48:1663–1678

1 3

IRB statement No IRB approval was required for this manuscript.

References

 1. Huang J, Pang WS, Lok V, Zhang L, Lucero-Prisno DE, Xu 
W, et  al. Incidence, mortality, risk factors, and trends for 
Hodgkin lymphoma: a global data analysis. Journal of Hema-
tology & Oncology. 2022;15(1):57. https:// doi. org/ 10. 1186/ 
s13045- 022- 01281-9.

 2. Mafra A, Laversanne M, Gospodarowicz M, Klinger P, De 
Paula Silva N, Piñeros M, et  al. Global patterns of non-
Hodgkin lymphoma in 2020. International Journal of Cancer. 
2022;151(9):1474-81. https:// doi. org/ 10. 1002/ ijc. 34163.

 3. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. 
CA: A Cancer Journal for Clinicians. 2022;72(1):7–33. https:// doi. 
org/ 10. 3322/ caac. 21708.

 4. Lishner M, Avivi I, Apperley JF, Dierickx D, Evens AM, Fuma-
galli M, et al. Hematologic Malignancies in Pregnancy: Manage-
ment Guidelines From an International Consensus Meeting. J 
Clin Oncol. 2016;34(5):501-8. https:// doi. org/ 10. 1200/ jco. 2015. 
62. 4445.

 5. Toma P, Granata C, Rossi A, Garaventa A. Multimodality imag-
ing of Hodgkin disease and non-Hodgkin lymphomas in children. 
Radiographics. 2007;27(5):1335-54. https:// doi. org/ 10. 1148/ rg. 
27506 5157.

 6. Gurevich-Shapiro A, Avivi I. Current treatment of lymphoma in 
pregnancy. Expert Rev Hematol. 2019;12(6):449-59. https:// doi. 
org/ 10. 1080/ 17474 086. 2019. 16158 78.

 7. Glaser SL, Clarke CA, Nugent RA, Stearns CB, Dorfman RF. 
Reproductive factors in Hodgkin's disease in women. Am J Epi-
demiol. 2003;158(6):553-63. https:// doi. org/ 10. 1093/ aje/ kwg198.

 8. Yakimchuk K, Jondal M, Okret S. Estrogen receptor α and β in 
the normal immune system and in lymphoid malignancies. Mol 
Cell Endocrinol. 2013;375(1-2):121-9. https:// doi. org/ 10. 1016/j. 
mce. 2013. 05. 016.

 9. Marie E, Navallas M, Katz DS, Farajirad E, Punnett A, Davda S, 
et al. Non-Hodgkin Lymphoma Imaging Spectrum in Children, 
Adolescents, and Young Adults. Radiographics. 2022;42(4):1214-
38. https:// doi. org/ 10. 1148/ rg. 210162.

 10. Kane EV, Roman E, Becker N, Bernstein L, Boffetta P, Bracci 
PM, et al. Menstrual and reproductive factors, and hormonal con-
traception use: associations with non-Hodgkin lymphoma in a 
pooled analysis of InterLymph case-control studies. Ann Oncol. 
2012;23(9):2362-74. https:// doi. org/ 10. 1093/ annonc/ mds171.

 11. Thomas AG, Vaidhyanath R, Kirke R, Rajesh A. Extranodal lym-
phoma from head to toe: part 1, the head and spine. AJR Am J 
Roentgenol. 2011;197(2):350-6. https:// doi. org/ 10. 2214/ ajr. 10. 
7266.

 12. Thomas AG, Vaidhyanath R, Kirke R, Rajesh A. Extranodal lym-
phoma from head to toe: part 2, the trunk and extremities. AJR 
Am J Roentgenol. 2011;197(2):357-64. https:// doi. org/ 10. 2214/ 
ajr. 11. 6738.

 13. Bligh MP, Borgaonkar JN, Burrell SC, MacDonald DA, Manos D. 
Spectrum of CT Findings in Thoracic Extranodal Non-Hodgkin 
Lymphoma. Radiographics. 2017;37(2):439-61. https:// doi. org/ 
10. 1148/ rg. 20171 60077.

 14. Das J, Ray S, Sen S, Chandy M. Extranodal involvement in lym-
phoma - A Pictorial Essay and Retrospective Analysis of 281 PET/
CT studies. Asia Ocean J Nucl Med Biol. 2014;2(1):42-56.

 15. Frampas E. Lymphomas: Basic points that radiologists should 
know. Diagn Interv Imaging. 2013;94(2):131-44. https:// doi. org/ 
10. 1016/j. diii. 2012. 11. 006.

 16. Vannata B, Zucca E. Primary extranodal B-cell lymphoma: 
current concepts and treatment strategies. Chin Clin Oncol. 
2015;4(1):10. https:// doi. org/ 10. 3978/j. issn. 2304- 3865. 2014. 
12. 01.

 17. Evens AM, Advani R, Press OW, Lossos IS, Vose JM, Hernan-
dez-Ilizaliturri FJ, et al. Lymphoma Occurring During Preg-
nancy: Antenatal Therapy, Complications, and Maternal Sur-
vival in a Multicenter Analysis. Journal of Clinical Oncology. 
2013;31(32):4132-9. https:// doi. org/ 10. 1200/ jco. 2013. 49. 8220.

 18. Weibull CE, Eloranta S, Smedby KE, Björkholm M, Kristins-
son SY, Johansson AL, et al. Pregnancy and the Risk of Relapse 
in Patients Diagnosed With Hodgkin Lymphoma. J Clin Oncol. 
2016;34(4):337-44. https:// doi. org/ 10. 1200/ jco. 2015. 63. 3446.

 19. Patel S, Sweeney LB. Maternal Health in the Transgender Popula-
tion. J Womens Health (Larchmt). 2021;30(2):253-9. https:// doi. 
org/ 10. 1089/ jwh. 2020. 8880.

 20. AIUM-ACR-ACOG-SMFM-SRU Practice Parameter for the Per-
formance of Standard Diagnostic Obstetric Ultrasound Examina-
tions. J Ultrasound Med. 2018;37(11):E13-e24. https:// doi. org/ 10. 
1002/ jum. 14831.

 21. Johnson SA, Kumar A, Matasar MJ, Schöder H, Rademaker J. 
Imaging for Staging and Response Assessment in Lymphoma. 
Radiology. 2015;276(2):323-38. https:// doi. org/ 10. 1148/ radiol. 
20151 42088.

 22. Sepulveda J, Zeng W, Carew J, Schuster D. The significance of a 
fatty hilum within an FDG avid lymph node. Soc Nuclear Med; 
2008.

 23. de Boer M, van Deurzen CH, van Dijck JA, Borm GF, van Diest 
PJ, Adang EM, et al. Micrometastases or isolated tumor cells and 
the outcome of breast cancer. N Engl J Med. 2009;361(7):653-63. 
https:// doi. org/ 10. 1056/ NEJMo a0904 832.

 24. Cui XW, Jenssen C, Saftoiu A, Ignee A, Dietrich CF. New ultra-
sound techniques for lymph node evaluation. World J Gastroen-
terol. 2013;19(30):4850-60. https:// doi. org/ 10. 3748/ wjg. v19. i30. 
4850.

 25. Kim N, Auerbach A, Manning MA. Algorithmic Approach to 
the Splenic Lesion Based on Radiologic-Pathologic Correlation. 
Radiographics. 2022;42(3):683-701. https:// doi. org/ 10. 1148/ rg. 
210071.

 26. Kashyap R, Rai Mittal B, Manohar K, Balasubramanian 
Harisankar CN, Bhattacharya A, Singh B, et al. Extranodal mani-
festations of lymphoma on  [18F]FDG-PET/CT: a pictorial essay. 
Cancer Imaging. 2011;11(1):166-74. https:// doi. org/ 10. 1102/ 
1470- 7330. 2011. 0023.

 27. Bhasin B, Koratala A. Ultrasound appearance of the lymphoma-
tous infiltration of the kidney. CEN Case Rep. 2021;10(1):150-2. 
https:// doi. org/ 10. 1007/ s13730- 020- 00502-9.

 28. Maggen C, Dierickx D, Cardonick E, Mhallem Gziri M, Cabrera-
Garcia A, Shmakov RG, et al. Maternal and neonatal outcomes in 
80 patients diagnosed with non-Hodgkin lymphoma during preg-
nancy: results from the International Network of Cancer, Infertil-
ity and Pregnancy. Br J Haematol. 2021;193(1):52-62. https:// doi. 
org/ 10. 1111/ bjh. 17103.

 29. Beckett KR, Moriarity AK, Langer JM. Safe Use of Contrast 
Media: What the Radiologist Needs to Know. RadioGraphics. 
2015;35(6):1738-50. https:// doi. org/ 10. 1148/ rg. 20151 50033.

 30. Albano D, Bruno A, Patti C, Micci G, Midiri M, Tarella C, et al. 
Whole-body magnetic resonance imaging (WB-MRI) in lym-
phoma: State of the art. Hematol Oncol. 2020;38(1):12-21. https:// 
doi. org/ 10. 1002/ hon. 2676.

 31. McCarten KM, Nadel HR, Shulkin BL, Cho SY. Imaging for diag-
nosis, staging and response assessment of Hodgkin lymphoma and 
non-Hodgkin lymphoma. Pediatr Radiol. 2019;49(11):1545-64. 
https:// doi. org/ 10. 1007/ s00247- 019- 04529-8.

 32. Wang D, Huo Y, Chen S, Wang H, Ding Y, Zhu X, et al. Whole-
body MRI versus (18)F-FDG PET/CT for pretherapeutic 

https://doi.org/10.1186/s13045-022-01281-9
https://doi.org/10.1186/s13045-022-01281-9
https://doi.org/10.1002/ijc.34163
https://doi.org/10.3322/caac.21708
https://doi.org/10.3322/caac.21708
https://doi.org/10.1200/jco.2015.62.4445
https://doi.org/10.1200/jco.2015.62.4445
https://doi.org/10.1148/rg.275065157
https://doi.org/10.1148/rg.275065157
https://doi.org/10.1080/17474086.2019.1615878
https://doi.org/10.1080/17474086.2019.1615878
https://doi.org/10.1093/aje/kwg198
https://doi.org/10.1016/j.mce.2013.05.016
https://doi.org/10.1016/j.mce.2013.05.016
https://doi.org/10.1148/rg.210162
https://doi.org/10.1093/annonc/mds171
https://doi.org/10.2214/ajr.10.7266
https://doi.org/10.2214/ajr.10.7266
https://doi.org/10.2214/ajr.11.6738
https://doi.org/10.2214/ajr.11.6738
https://doi.org/10.1148/rg.2017160077
https://doi.org/10.1148/rg.2017160077
https://doi.org/10.1016/j.diii.2012.11.006
https://doi.org/10.1016/j.diii.2012.11.006
https://doi.org/10.3978/j.issn.2304-3865.2014.12.01
https://doi.org/10.3978/j.issn.2304-3865.2014.12.01
https://doi.org/10.1200/jco.2013.49.8220
https://doi.org/10.1200/jco.2015.63.3446
https://doi.org/10.1089/jwh.2020.8880
https://doi.org/10.1089/jwh.2020.8880
https://doi.org/10.1002/jum.14831
https://doi.org/10.1002/jum.14831
https://doi.org/10.1148/radiol.2015142088
https://doi.org/10.1148/radiol.2015142088
https://doi.org/10.1056/NEJMoa0904832
https://doi.org/10.3748/wjg.v19.i30.4850
https://doi.org/10.3748/wjg.v19.i30.4850
https://doi.org/10.1148/rg.210071
https://doi.org/10.1148/rg.210071
https://doi.org/10.1102/1470-7330.2011.0023
https://doi.org/10.1102/1470-7330.2011.0023
https://doi.org/10.1007/s13730-020-00502-9
https://doi.org/10.1111/bjh.17103
https://doi.org/10.1111/bjh.17103
https://doi.org/10.1148/rg.2015150033
https://doi.org/10.1002/hon.2676
https://doi.org/10.1002/hon.2676
https://doi.org/10.1007/s00247-019-04529-8


1677Abdominal Radiology (2023) 48:1663–1678 

1 3

assessment and staging of lymphoma: a meta-analysis. Onco 
Targets Ther. 2018;11:3597-608. https:// doi. org/ 10. 2147/ ott. 
S1481 89.

 33. Lin G, Zong X, Li Y, Tan W, Sun W, Zhang S, et al. Whole-
Body MRI Is an Effective Imaging Modality for Hematological 
Malignancy Treatment Response Assessment: A Systematic 
Review and Meta-Analysis. Front Oncol. 2022;12:827777. 
https:// doi. org/ 10. 3389/ fonc. 2022. 827777.

 34. Latifoltojar A, Duncan MKJ, Klusmann M, Sidhu H, Bainbridge 
A, Neriman D, et al. Whole Body 3.0 T Magnetic Resonance 
Imaging in Lymphomas: Comparison of Different Sequence 
Combinations for Staging Hodgkin's and Diffuse Large B Cell 
Lymphomas. J Pers Med. 2020;10(4). https:// doi. org/ 10. 3390/ 
jpm10 040284.

 35. Bird ST, Gelperin K, Sahin L, Bleich KB, Fazio-Eynullayeva 
E, Woods C, et al. First-Trimester Exposure to Gadolinium-
based Contrast Agents: A Utilization Study of 4.6 Million U.S. 
Pregnancies. Radiology. 2019;293(1):193–200. https:// doi. org/ 
10. 1148/ radiol. 20191 90563.

 36. American College of Radiology. ACR Manual on Contrast 
Media. https:// www. acr. org/-/ media/ acr/ files/ clini cal- resou rces/ 
contr ast_ media. pdf Accessed December 7 2022.

 37. Takalkar AM, Khandelwal A, Lokitz S, Lilien DL, Stabin MG. 
18F-FDG PET in pregnancy and fetal radiation dose estimates. 
J Nucl Med. 2011;52(7):1035-40. https:// doi. org/ 10. 2967/ 
jnumed. 110. 085381.

 38. Calais J, Hapdey S, Tilly H, Vera P, Chastan M. Hodgkin’s Dis-
ease Staging by FDG PET/CT in a Pregnant Woman. Nuclear 
Medicine and Molecular Imaging. 2014;48(3):244-6. https:// 
doi. org/ 10. 1007/ s13139- 014- 0263-7.

 39. ACR–SPR PRACTICE PARAMETER FOR IMAGING PREG-
NANT OR POTENTIALLY PREGNANT ADOLESCENTS 
AND WOMEN WITH IONIZING RADIATION. https:// www. 
acr. org/-/ media/ acr/ files/ pract ice- param eters/ pregn ant- pts. pdf 
(2016). Accessed December 7 2022.

 40. Akin E, Torigian D, Colleti P, Yoo D. Optimizing Oncologic 
FDG-PET/CT Scans To Decrease Radiation Exposure. 2017.

 41. Zanotti-Fregonara P, Laforest R, Wallis JW. Fetal Radiation 
Dose from 18F-FDG in Pregnant Patients Imaged with PET, 
PET/CT, and PET/MR. J Nucl Med. 2015;56(8):1218-22. 
https:// doi. org/ 10. 2967/ jnumed. 115. 157032.

 42. Juweid ME, Stroobants S, Hoekstra OS, Mottaghy FM, Dietlein 
M, Guermazi A, et al. Use of positron emission tomography for 
response assessment of lymphoma: consensus of the Imaging 
Subcommittee of International Harmonization Project in Lym-
phoma. J Clin Oncol. 2007;25(5):571-8. https:// doi. org/ 10. 1200/ 
jco. 2006. 08. 2305.

 43. Heacock L, Weissbrot J, Raad R, Campbell N, Friedman 
KP, Ponzo F, et al. PET/MRI for the evaluation of patients 
with lymphoma: initial observations. AJR Am J Roentgenol. 
2015;204(4):842-8. https:// doi. org/ 10. 2214/ ajr. 14. 13181.

 44. Picardi M, Cavaliere C, Della Pepa R, Nicolai E, Soricelli A, 
Giordano C, et al. PET/MRI for staging patients with Hodgkin 
lymphoma: equivalent results with PET/CT in a prospective 
trial. Ann Hematol. 2021;100(6):1525-35. https:// doi. org/ 10. 
1007/ s00277- 021- 04537-5.

 45. Grueneisen J, Sawicki LM, Schaarschmidt BM, Suntharalingam 
S, von der Ropp S, Wetter A, et al. Evaluation of a Fast Proto-
col for Staging Lymphoma Patients with Integrated PET/MRI. 
PLoS One. 2016;11(6):e0157880. https:// doi. org/ 10. 1371/ journ 
al. pone. 01578 80.

 46. Romano M, Libshitz HI. Hodgkin disease and non-Hodgkin 
lymphoma: plain chest radiographs and chest computed tomog-
raphy of thoracic involvement in previously untreated patients. 
Radiol Med. 1998;95(1-2):49-53.

 47. Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH, 
Zucca E, et al. Recommendations for initial evaluation, staging, 
and response assessment of Hodgkin and non-Hodgkin lymphoma: 
the Lugano classification. J Clin Oncol. 2014;32(27):3059-68. 
https:// doi. org/ 10. 1200/ jco. 2013. 54. 8800.

 48. Dunleavy K, McLintock C. How I treat lymphoma in pregnancy. 
Blood. 2020;136(19):2118-24. https:// doi. org/ 10. 1182/ blood. 
20190 00961.

 49. Dominguez JL, Eberhardt SC, Revels JW. Unilateral axillary lym-
phadenopathy following COVID-19 vaccination: A case report 
and imaging findings. Radiol Case Rep. 2021;16(7):1660-4. 
https:// doi. org/ 10. 1016/j. radcr. 2021. 04. 015.

 50. Zhang M, Ahn RW, Hayes JC, Seiler SJ, Mootz AR, Porembka 
JH. Axillary Lymphadenopathy in the COVID-19 Era: What the 
Radiologist Needs to Know. RadioGraphics.0(0):220045. https:// 
doi. org/ 10. 1148/ rg. 220045.

 51. Ala A, Habtemariam S, Vahdati SS, Rezabakhsh A. Cervical 
and preauricular lymphadenopathies as atypical manifestations 
in the setting of COVID-19: a case report. Future Virology. 
2022;17(4):215-9. https:// doi. org/ 10. 2217/ fvl- 2021- 0074.

 52. Maymon R, Zimerman AL, Strauss S, Gayer G. Maternal spleen 
size throughout normal pregnancy. Semin Ultrasound CT MR. 
2007;28(1):64-6. https:// doi. org/ 10. 1053/j. sult. 2006. 10. 005.

 53. Ugboma E, Ugboma H. Sonographic evaluation of the splenic 
length in normal pregnancy in a tertiary hospital in southern 
Nigeria: a pilot study. Ann Med Health Sci Res. 2013;3(3):330-
3. https:// doi. org/ 10. 4103/ 2141- 9248. 117928.

 54. Jameson A, Revels J, Wang LL, Wang DT, Wang SS. Sarcoidosis, 
the master mimicker. Curr Probl Diagn Radiol. 2022;51(1):60-72. 
https:// doi. org/ 10. 1067/j. cprad iol. 2020. 10. 013.

 55. Nishino M, Ashiku SK, Kocher ON, Thurer RL, Boiselle PM, 
Hatabu H. The thymus: a comprehensive review. Radiographics. 
2006;26(2):335-48. https:// doi. org/ 10. 1148/ rg. 26204 5213.

 56. Ackman JB, Wu CC. MRI of the thymus. AJR Am J Roentgenol. 
2011;197(1):W15-20. https:// doi. org/ 10. 2214/ ajr. 10. 4703.

 57. Neuman G, Koren G. Safety of procedural sedation in pregnancy. J 
Obstet Gynaecol Can. 2013;35(2):168-73. https:// doi. org/ 10. 1016/ 
s1701- 2163(15) 31023-9.

 58. Bajwa SJ, Bajwa SK. Anaesthetic challenges and management 
during pregnancy: Strategies revisited. Anesth Essays Res. 
2013;7(2):160-7. https:// doi. org/ 10. 4103/ 0259- 1162. 118945.

 59. Evans LS, Hancock BW. Non-Hodgkin lymphoma. Lancet. 
2003;362(9378):139-46. https:// doi. org/ 10. 1016/ s0140- 6736(03) 
13868-8.

 60. Maruko K, Maeda T, Kamitomo M, Hatae M, Sueyoshi K. Trans-
placental transmission of maternal B-cell lymphoma. Am J Obstet 
Gynecol. 2004;191(1):380-1. https:// doi. org/ 10. 1016/j. ajog. 2003. 
12. 036.

 61. Catlin EA, Roberts JD, Jr., Erana R, Preffer FI, Ferry JA, Kel-
liher AS, et al. Transplacental transmission of natural-killer-cell 
lymphoma. N Engl J Med. 1999;341(2):85-91. https:// doi. org/ 10. 
1056/ nejm1 99907 08341 0204.

 62. Maggen C, Dierickx D, Lugtenburg P, Laenen A, Cardon-
ick E, Shmakov RG, et al. Obstetric and maternal outcomes in 
patients diagnosed with Hodgkin lymphoma during pregnancy: 
a multicentre, retrospective, cohort study. Lancet Haematol. 
2019;6(11):e551-e61. https:// doi. org/ 10. 1016/ s2352- 3026(19) 
30195-4.

 63. Horowitz NA, Benyamini N, Wohlfart K, Brenner B, Avivi 
I. Reproductive organ involvement in non-Hodgkin lym-
phoma during pregnancy: a systematic review. Lancet Oncol. 
2013;14(7):e275-82. https:// doi. org/ 10. 1016/ s1470- 2045(12) 
70589-2.

 64. Lee B, Kim K, Choi JY, Suh DH, No JH, Lee HY, et al. Effi-
cacy of the multidisciplinary tumor board conference in gyneco-
logic oncology: A prospective study. Medicine (Baltimore). 

https://doi.org/10.2147/ott.S148189
https://doi.org/10.2147/ott.S148189
https://doi.org/10.3389/fonc.2022.827777
https://doi.org/10.3390/jpm10040284
https://doi.org/10.3390/jpm10040284
https://doi.org/10.1148/radiol.2019190563
https://doi.org/10.1148/radiol.2019190563
https://www.acr.org/-/media/acr/files/clinical-resources/contrast_media.pdf
https://www.acr.org/-/media/acr/files/clinical-resources/contrast_media.pdf
https://doi.org/10.2967/jnumed.110.085381
https://doi.org/10.2967/jnumed.110.085381
https://doi.org/10.1007/s13139-014-0263-7
https://doi.org/10.1007/s13139-014-0263-7
https://www.acr.org/-/media/acr/files/practice-parameters/pregnant-pts.pdf
https://www.acr.org/-/media/acr/files/practice-parameters/pregnant-pts.pdf
https://doi.org/10.2967/jnumed.115.157032
https://doi.org/10.1200/jco.2006.08.2305
https://doi.org/10.1200/jco.2006.08.2305
https://doi.org/10.2214/ajr.14.13181
https://doi.org/10.1007/s00277-021-04537-5
https://doi.org/10.1007/s00277-021-04537-5
https://doi.org/10.1371/journal.pone.0157880
https://doi.org/10.1371/journal.pone.0157880
https://doi.org/10.1200/jco.2013.54.8800
https://doi.org/10.1182/blood.2019000961
https://doi.org/10.1182/blood.2019000961
https://doi.org/10.1016/j.radcr.2021.04.015
https://doi.org/10.1148/rg.220045
https://doi.org/10.1148/rg.220045
https://doi.org/10.2217/fvl-2021-0074
https://doi.org/10.1053/j.sult.2006.10.005
https://doi.org/10.4103/2141-9248.117928
https://doi.org/10.1067/j.cpradiol.2020.10.013
https://doi.org/10.1148/rg.262045213
https://doi.org/10.2214/ajr.10.4703
https://doi.org/10.1016/s1701-2163(15)31023-9
https://doi.org/10.1016/s1701-2163(15)31023-9
https://doi.org/10.4103/0259-1162.118945
https://doi.org/10.1016/s0140-6736(03)13868-8
https://doi.org/10.1016/s0140-6736(03)13868-8
https://doi.org/10.1016/j.ajog.2003.12.036
https://doi.org/10.1016/j.ajog.2003.12.036
https://doi.org/10.1056/nejm199907083410204
https://doi.org/10.1056/nejm199907083410204
https://doi.org/10.1016/s2352-3026(19)30195-4
https://doi.org/10.1016/s2352-3026(19)30195-4
https://doi.org/10.1016/s1470-2045(12)70589-2
https://doi.org/10.1016/s1470-2045(12)70589-2


1678 Abdominal Radiology (2023) 48:1663–1678

1 3

2017;96(48):e8089. https:// doi. org/ 10. 1097/ md. 00000 00000 
008089.

 65. Salama M, Anazodo A, Woodruff TK. Preserving fertility in 
female patients with hematological malignancies: a multidisci-
plinary oncofertility approach. Ann Oncol. 2019;30(11):1760-75. 
https:// doi. org/ 10. 1093/ annonc/ mdz284.

 66. Lambertini M, Demeestere I. Another step towards improving 
oncofertility counselling of young women with Hodgkin's lym-
phoma. Lancet Oncol. 2018;19(10):1264-6. https:// doi. org/ 10. 
1016/ s1470- 2045(18) 30562-x.

 67. Obstetricians ACo, Gynecologists. Options for Prevention and 
Management of Menstrual Bleeding in Adolescent Patients 
Undergoing Cancer Treatment: ACOG Committee Opinion, Num-
ber 817. Obstetrics and gynecology. 2021;137(1):e7-e15.

 68. Damoiseaux D, Calpe S, Rosing H, Beijnen JH, Huitema ADR, 
Lok C, et al. Presence of Five Chemotherapeutic Drugs in Breast 
Milk as a Guide for the Safe Use of Chemotherapy During 
Breastfeeding: Results From a Case Series. Clin Pharmacol Ther. 
2022;112(2):404-10. https:// doi. org/ 10. 1002/ cpt. 2626.

 69. Codacci-Pisanelli G, Honeywell RJ, Asselin N, Bellettini G, Peters 
GJ, Giovannetti E, et al. Breastfeeding during R-CHOP chemo-
therapy: please abstain! Eur J Cancer. 2019;119:107-11. https:// 
doi. org/ 10. 1016/j. ejca. 2019. 07. 012.

 70. Bachanova V, Connors JM. Hodgkin lymphoma in pregnancy. 
Curr Hematol Malig Rep. 2013;8(3):211-7. https:// doi. org/ 10. 
1007/ s11899- 013- 0163-4.

 71. Dilsizian V, Metter D, Palestro C, Zanzonico P. Advisory Com-
mittee on Medical Uses of Isotopes (ACMUI) Sub-Committee 
on Nursing Mother Guidelines for the Medical Administration of 
Radioactive Materials. Final report submitted January. 2019;31.

 72. Jamar F, Buscombe J, Chiti A, Christian PE, Delbeke D, Donohoe 
KJ, et al. EANM/SNMMI guideline for 18F-FDG use in inflam-
mation and infection. J Nucl Med. 2013;54(4):647-58. https:// doi. 
org/ 10. 2967/ jnumed. 112. 112524.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Authors and Affiliations

Kevin Dell’Aquila1 · Hannah Hodges2  · Mariam Moshiri3  · Douglas S. Katz4  · Saeed Elojeimy5 · 
Margarita V. Revzin6  · Miltiadis Tembelis4 · Jonathan W. Revels7 

1 New York Institute of Technology College of Osteopathic 
Medicine, Old Westbury, NY, USA

2 Department of Radiology, University of New Mexico, 
Albuquerque, NM, USA

3 Department of Radiology, Vanderbilt University Medical 
Center, Nashville, TN, USA

4 Department of Radiology, New York University Langone 
Health–Long Island, Mineola, NY, USA

5 Department of Radiology, Medical University of South 
Carolina, Charleston, SC, USA

6 Department of Radiology, Yale University School 
of Medicine, New Haven, CT, USA

7 Department of Radiology, New York University Langone 
Health–Long Island Division, 560 1St Avenue, 2nd Floor, 
New York, NY 10016, USA

https://doi.org/10.1097/md.0000000000008089
https://doi.org/10.1097/md.0000000000008089
https://doi.org/10.1093/annonc/mdz284
https://doi.org/10.1016/s1470-2045(18)30562-x
https://doi.org/10.1016/s1470-2045(18)30562-x
https://doi.org/10.1002/cpt.2626
https://doi.org/10.1016/j.ejca.2019.07.012
https://doi.org/10.1016/j.ejca.2019.07.012
https://doi.org/10.1007/s11899-013-0163-4
https://doi.org/10.1007/s11899-013-0163-4
https://doi.org/10.2967/jnumed.112.112524
https://doi.org/10.2967/jnumed.112.112524
http://orcid.org/0000-0002-8299-885X
http://orcid.org/0000-0002-1003-8366
http://orcid.org/0000-0003-2835-7354
http://orcid.org/0000-0002-4118-2475
http://orcid.org/0000-0002-1513-2407

	Imaging evaluation of lymphoma in pregnancy with review of clinical assessment and treatment options
	Abstract 
	Graphical abstract
	Introduction
	Imaging of lymphoma in pregnancy
	Ultrasound
	Computed tomography (CT)
	Magnetic resonance imaging
	Positron emission tomography (PET)
	18F-Fluorodeoxyglucose positron emission tomographyCT (PET-CT)
	18F-FDG-PET-Magnetic resonance imaging (PET-MRI)

	Chest radiographs

	Mimics of lymphoma on imaging
	Non-lymphomatous lymphadenopathy
	Splenic enlargement
	Splenic abnormalities
	Thymus

	Staging of lymphoma in pregnancy
	Tissue sampling
	Lymphoma staging

	Prognosis and treatment of pregnancy-related lymphoma
	Hodgkin’s lymphoma
	Non-Hodgkin’s lymphoma
	Transplacental transmission of lymphoma
	Fetal biometry and neonatal prematurity

	Other considerations
	Treatmen of Extranodal lymphoma involving reproductive organs
	Interdisciplinary approach to care
	Family planning
	Onco-fertility
	Birth control recommendations

	Breastfeeding considerations

	Conclusion
	Acknowledgements 
	References




