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Abstract

Purpose: Cancer-related complications (CrC) and any potentially life-threatening findings 
detected on routine oncological imaging requires urgent intervention and needs proac-
tive management. We conducted a retrospective study to highlight the role of imaging in 
the detection of CrC on computed tomography (CT)-scan while sharing our experience at 
a tertiary care cancer hospital.

Materials and methods: All the reports of the CT scans performed in our department 
between January 2018 and December 2019 were reviewed and the imaging findings 
of CrC were recorded. Only the patients who had known malignancy and underwent 
imaging evaluation at our centre at baseline/follow up/surveillance were included. The 
clinical details of the patients were recorded and the findings were classified based on 
the system or organ involved and also on the basis of its impact on clinical management.

Results: A total of 14,226 CT scans were performed during the study period, out of which 
599 patients had CrC. Most of the CrC were seen involving thorax (265/599, 44.3%) fol-
lowed by abdomen (229/599, 38.2%) and head and neck (104/599, 17.3%) regions. The 
commonly encountered CrC were pulmonary infections, superior vena cava obstruction 
and drug-induced lung changes.

Conclusion: CrC have significant impact on the course of management of cancer patients and 
radiologist plays an important role in early diagnosis and initiation of prompt management of 
many such patients. CT is an excellent modality for early diagnosis of CrC which guides the 
oncologist for appropriate treatment.

Keywords: cancer complications, oncoemergencies, CT, bleomycin toxicity, pulmonary dam-
age, biliary obstruction, urinary tract obstruction

Introduction

Cancer has become one of the leading causes of morbidity and mortality in today’s 
world [1, 2]. Any acute potentially life-threatening event that occurs due to the malig-
nancy or its treatment and requires urgent intervention can be labelled as an oncological 
emergency or complication. Such an event can occur at any time during the course of 
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malignancy or sometimes can also be the initial presentation [3]. These can be attributed to direct effects of tumour progression or indirect 
effect. Direct effects include structural causes such as invasion or compression of adjacent viscera by the tumour. Indirect effects include 
metabolic and haematological changes which lead to systemic conditions like hypercalcaemia, tumour lysis syndrome, febrile neutropenia, 
hyperviscosity syndrome, and disseminated intravascular coagulation [4].

Imaging plays an important role in the detection of structural causes such as compression or infiltration of involved organs or haemorrhage 
or thrombosis of any major vessel [2]. Hence, the radiologist has to be vigilant to observe and inform about these findings to the treating 
physician in order to prevent their catastrophic effects [5]. Furthermore, incidentally detected pathologies like tumour rupture, ascites, peri-
cardial effusion, pulmonary thromboembolism can have bearing on the treatment course in the form of modification or addition of drugs in 
the planned protocol. It is also imperative to differentiate and determine the treatment related changes like drug induced toxicity, which may 
have detrimental effect on patient outcome if not intervened at right time [6, 7].

Radiograph, ultrasonography (USG) and computed tomography (CT) are commonly used modalities used for diagnosis and evaluation of 
most of these conditions [1]. Magnetic resonance imaging (MRI), on the other hand, is primarily indicated for complications related to central 
nervous system (CNS) like metastasis, cerebral herniation, intracranial haemorrhage and spinal cord compression [2]. Ultrasound-, fluoros-
copy- and CT-guided various interventional procedures are used for management of various structural complications of malignancy [8]; for 
instance, percutaneous trans hepatic biliary drainage (PTBD), percutaneous nephrostomy (PCN), percutaneous gastrostomy and stenting to 
relieve malignant luminal obstruction [9]. On the other hand, vascular interventions are carried out with curative or palliative intent in the 
settings of unresectable hepatocellular carcinoma, tumour rupture, tumoural haemorrhage, etc [2, 9]. This study has been conducted to high-
light the role of CT in detection of cancer related complications (CrC) and oncological emergencies; while sharing our experience of tertiary 
care cancer hospital.

Materials and methods

The retrospective study was conducted after obtaining approval from the institute ethics’ committee and the individual patient consent was 
waived off. The data had been collected from the CT reporting data base of our department. 

All the reports of the CT scans performed between January 2018 and December 2019 were reviewed and the imaging findings of CrC were 
recorded. Only those patients, who had known malignancy and underwent imaging evaluation at our centre at baseline/follow up/surveil-
lance were included. Out of total 14,226 CT scans performed on Somatom definition AS (Siemens, 64 slice scanner) during these 2 years, 
reports of 599 patient revealed imaging features of CrC and were included for further classification. 

The demographic and clinical details of the patients were recorded and the findings were classified based on the system or organ involved 
and also on the basis of its impact on clinical management.

Classification of CrC based on the organ/system involved was broadly done under the groups of head and neck, chest and abdomen while 
the other classification was based on the impact of the finding under the categories as those warranting immediate intervention, elective 
intervention or which can be managed conservatively. 

All the findings were then recorded and tabulated in word document. Continuous variables were presented as mean ± SD and categorical 
variables were presented as frequency and percentages.

Results

A total of 14,226 CT scans were performed during the study period in our department, out of which 599 patients had CrC at the time of 
acquisition. Most of the CrC were seen involving the thorax (265/599, 44.3%) followed by abdomen (229/599, 38.2%) and head and neck 
(105/599, 17.3%) regions (Table 1).
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Table 1. CrC detected in CT head, neck and chest.

System Complication Number (n)

Head and neck

Brain metastases with significant perilesional oedema 40

Cavernous sinus involvement 14

Haemorrhage 11

Perineural spread 8

Airway compromise 8

Osteoradionecrosis 8

Cellulitis and retropharyngeal abscess 7

Post RT laryngeal oedema 5

Infarct 3

RT induced sarcoma 1

Total 105

Thorax

Infection 62

SVC obstruction 40

Drug induced changes 31

Spinal cord compression 24

Aspiration 19

Pericardial/pleural effusion 24

Pulmonary haemorrhage 14

Pulmonary embolism 13

Pneumothorax 13

Pulmonary oedema 13

Bronchoesophageal fistula 6

ATRA differentiation 3

GVHD 2

Fat embolism 1

Total 265

RT: Radiotherapy; SVC: Superior vena cava; ATRA: All-trans retinoic acid; GVHD: Graft versus host disease

Thoracic complications: CT thorax identified the CrCs predominantly as pulmonary infections (62/265, 23.4%), superior vena cava (SVC) 
obstruction (40/265, 15.1%) and drug induced lung changes (34/265, 12.8%). Pulmonary complications in the form of infections (62/265, 
Figure 1), haemorrhage (14/265) and All-trans retinoic acid (ATRA) toxicity (3/265) were seen in patients with leukaemia while lymphoma 
patients had Bleomycin induced CrC (16/265). Bacterial infections were seen as airspace nodules or consolidation, whereas angioinvasive 
fungal infections seen as ground glass opacification. The primary lung cancer (n = 15) and mediastinal masses (n = 19) including thymic malig-
nancies and lymphoma, were the common causes of vascular infiltration and SVC syndrome (Figure 2). 

CNS involvement (Figure 3): Intra-parenchymal brain metastases with oedema (40/105, 38.1%) were the common cause for patient’s pre-
sentation to hospital with CNS symptoms like headache and seizures. Brain metastases were majorly seen in patients with carcinoma lung  
(n = 24) and breast (n = 5). Significant brain herniation needing immediate neurological intervention was seen in metastases (n = 6) with 
oedema, intracranial haemorrhage (n = 4) or infarct (n = 3). Perineural spread of disease and cavernous sinus involvement was seen in 14/105 
(13.3%) patients, majorly with head and neck tumours.

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2023.1529


Re
se

ar
ch

ecancer 2023, 17:1529; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2023.1529 4

Figure 1. Pulmonary infections. (a): Axial HRCT image showing multiple consolidations in bilateral lungs with left sided pleural effusion suggestive of 
bacterial pneumonia. (b): Fungal infection with multiple nodules having surrounding ground glass opacity in bilateral lungs. (c): Axial HRCT image of a 
patient with viral pneumonia showing patchy areas of ground glass opacity in bilateral lungs. (d): Axial HRCT image showing presence of consolidation 
with central ground glass opacity (arrow) in left lower lobe suggestive of mucormycosis. (e): Consolidation and ground glass opacity seen in perihilar and 
peribronchovascular locations s/o PCP pneumonia.

Figure 2. Pulmonary complications. (a): Axial HRCT image in a patient with osteosarcoma showing presence of subpleural metastatic nodule (arrow) 
in right upper lobe with right sided pneumothorax. (b): Axial HRCT image showing peripheral and lower lobe predominant ground glass opacities in 
bilateral lung fields in a case of Hodgkin’s lymphoma on chemotherapy s/o bleomycin toxicity. (c): Sagittal CT image of patient with esophageal cancer 
(asterisk) demonstrating airway invasion anteriorly (arrow). (d): Conglomerate mediastinal mass (asterisk) proven as lymphoma is seen to cause complete 
obliteration of SVC with multiple chest wall collaterals (arrows) – SVC syndrome. (e): Axial mediastinal window of a patient with leukemia who had massive 
pericardial effusion (asterisk) causing respiratory distress. (f): Axial CT iamge of lung cancer patient with gross right sided pleural effusion (asterisk) causing 
collpae of underlying lung. (T- trachea; E- esophagus). 

Abdominal complications (Figure 4): Malignant urinary tract obstruction (57/229, 25%) was caused predominantly by carcinoma cervix  
(n = 13), germ cell tumours (n = 12), carcinoma ovary (n = 7) and carcinoma bladder (n = 9). Biliary obstruction was seen in 29/229 (12.6%) patients of 
cholangiocarcinoma, periampullary carcinoma and carcinoma gall bladder, out of which four patients developed cholangitis requiring urgent PTBD. 
Intestinal obstruction was seen in 34/229 (14.8%) patients-due to post op adhesions or inflammation (n = 17), post Radiotherapy (RT) changes (n = 
7) and obstruction due to mass or serosal metastases (n = 10). The causes of bowel perforation include tumour infiltration (n = 5), post inflammatory 
and ischemic bowel perforation (n = 4). Enterocolitis included both radiation induced (n = 12) and infective enterocolitis (n = 15). Pseudoaneurysms 
(n = 3), tumour bleed (n = 4), ruptured hepatic metastasis (n = 1) led to intra-abdominal haemorrhage warranting immediate intervention (Table 2).
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Figure 3. CrC in head and neck region. (a): CT head showing parenchymal as well as subarachnoid bleed in a patient with acute myeloid leukemia; (b): 
Unenhanced CT showing significant white matter edema (asterisk) in right fronto-parietal region causing mass effect on ipsilateral frontal horn of lateral 
ventricle; (c): Axial CT image showing pancoast tumour (asterisk) in upper lobe of left lung causing cervical vertebral erosion and intraspinal extension 
(arrow); (d): Post radiation edema in patient with glottic carcinoma (asterisk) with fluid collection in the retropharyngeal space (arrows) indicating 
immediate intervention for the same before commencing further treatment.

Table 2. CrC detected on abdominal CT scans.

System Complication Number (n)

Abdomen Ureter obstruction 57

Intestinal obstruction 34

Fistula formation 22

Enterocolitis 27

Biliary obstruction 29

Hepatic/renal/splenic infarct 11

Bowel perforation 9

Pseudoaneurysm/tumour bleed 8

Panniculitis 7

Post op urine leak 4

Chemotherapy induced pancreatitis 5

Intussusception 4

Pseudocirrhosis 3

EHPVO 4

SMA syndrome 2

Hepatosplenic candidiasis 2

Bowel anastomotic leak 1

Total 229

EHPVO: Extrahepatic portal venous occlusion; SMA: Superior mesenteric artery

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2023.1529


Re
se

ar
ch

ecancer 2023, 17:1529; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2023.1529 6

Complications in various malignancies: CNS complications were most commonly encountered due to perilesional oedema in brain metastasis 
in patients with lung (24/40) and breast (5/40) cancer. Pulmonary infections were a common cause of hospital presentation in patients with 
leukaemia (46/62). Patients with lymphoma had drug-induced lung injury (16/31) and SVC syndrome (12/40). Formation of bronchoesopha-
geal fistula (n = 6) and aspiration (9/19) were most common cause of morbidity in patients with carcinoma oesophagus. Pelvic fistula forma-
tion (n = 16) and bowel obstruction (n = 17) were the most common CrC in patients with colorectal carcinoma.

Treatment related changes: Drug induced changes (n = 42) include pulmonary complications (34/42), chemotherapy induced pancreatitis 
(5/42) and pseudocirrhosis (3/42). Among the post RT complications (n = 34), RT induced enteritis (12/34) and bowel obstruction (7/34) 
were most common. Post-operative adhesions leading to bowel obstruction was the most common surgery related complication (17/24). 

CrC classification based on need of intervention: There were 355 (59.4%) CrC that needed either immediate medical, surgical or radiological 
intervention, which included ICT placement for pneumothorax; laparoscopy or open surgery for intestinal obstruction; treatment of pulmo-
nary infection, which also led to interruption of routine treatment; etc. as documented in Table 3. Where chemotherapy or radiation induced 
changes (n = 124) required change in management strategy; complications like pulmonary haemorrhage (n = 14) or pulmonary thrombo-
embolism (n = 13) needed additional treatment before proceeding with routine regime. The conditions like asymptomatic intussusceptions  
(n = 4) and radiation induced or tumour induced pelvic (vesicovaginal or rectovaginal, Figure 5g) fistulas (n = 6) were managed conservatively.

Table 3. CrC based on the interventions needed.

Intervention Complications Number (n)

Needed immediate surgical 
or medical intervention

Pulmonary infection
SVC obstruction
Intestinal obstruction
Neutropenic enterocolitis
Spinal cord compression
Airway compromise/obstruction
Brain herniation
Pneumothorax
Anastomotic site leak
Cellulitis or retropharyngeal Abscess/ 
oedema
GVHD
Engraftment syndrome

62
40
34
27
24
8

13
13
7
6

2
1

Radiological intervention Ureteric obstruction
Biliary obstruction
Gross effusion
Tumour rupture/bleed
Intratumoural bleed

57
29
24
7
1

Changed the treatment 
strategy

Drug induced complications
Treatment related changes (post RT, 
post-surgery complications)
Spinal cord compression
Perineural spread of disease

42

58

24
8

Required additional 
treatment course

Pulmonary infection
Pulmonary haemorrhage
Pneumothorax
Pulmonary thromboembolism
Tumour bleed
Haematuria post RT which did not 
respond to conservative management

62
14
13
13
8
1

(Continued)
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Table 3. CrC based on the interventions needed.

Wait and watch Fistula formation
Visceral infarct
Pseudocirrhosis
(Transient) Intussusception

22
11
3
4

SVC: Superior vena cava; GVHD: Graft versus Host Disease

Discussion

Any potentially life-threatening event in cancer patients that occurs due to the malignancy or its treatment is considered an oncological 
emergency which needs early and aggressive management. Thus, it becomes imperative for the radiologist to identify and promptly com-
municate to the treating clinician for early intervention. They can be broadly classified as metabolic, haematological and structural conditions 
[10]. Metabolic and haematological emergencies including hypercalcaemia, hyponatremia, hyper viscosity syndromeor disseminated intra-
vascular coagulation are mainly diagnosed in relation to laboratory findings [11]. Imaging especially cross-sectional imaging is performed to 
rule out structural causes of the symptoms. Multidetector CT is the most readily performed imaging modality for cancer patients at baseline, 
during treatment and post treatment follow up. In addition to the information related to the status of primary tumour, it is able to identify the 
sequel or changes due to the tumour or metastases or treatment being administered for the particular cancer.

In this study, we were able to highlight that, thoracic complications (265/599, 44.3%) were the most common CrCs which might be due to 
early presentation with debilitating symptoms like dyspnoea, fever, cough, hemoptysis which hampers patient’s day to day life. Not only does 
the CT helps by ruling out underlying primary lung carcinoma but is also able to illustrate other infective or non-infective causes of the symp-
toms. Pulmonary infection (62/265, 23.4%) was the most common thoracic complications seen in our patients predominantly in patients 
receiving treatment for lymphoma and leukaemia (Figure 1). Presence of active infection, especially in post–marrow transplant patients, indi-
cates addition of the antibiotics, antifungals or antivirals with interim discontinuation of the routine therapy (Figure 5a and b). On the other 
hand, pulmonary haemorrhage would need treatment with steroids which would need continuous monitoring of the patient.

Figure 4. Abdominal complications. (a): Hyperbilirubinemia due to hilar mass (arrow) causing significant dilatation of intrahepatic biliary radicals which 
delays initiation of chemotherapy until relieved with percutaneous drainage; (b): right sided hydronephrosis (black asterisk) due to obstruction by the 
retroperitoneal mass (white asterisk); (c): L–asparaginase induced pancreatitis seen as necrosis in the pancreatic parenchyma with fluid collection (asterisk) 
and edema in the adjacent stomach wall (arrow); (d): axial CECT image in a patient with lymphoma with bowel thickening and aneurysmal dilatation of 
jejunal loop with focal defect in bowel wall (arrow) suggestive of perforation. 

(Continued)
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The other causes of dyspnea include pleural or pericardial effusion which would warrant immediate therapeutic drainage if compromising 
quality of life of the patient. Similarly, the chemotherapeutic agents like Bleomycin induce acute interstitial pneumonia which the oncologist 
should be aware of before planning the next regime. On the other hand, differentiation syndrome due to ATRA can present as features of 
pulmonary oedema leading to discontinuation of the drug [6]. Pneumothorax due to subpleural cavitatory metastases can lead to sudden 
deterioration of patient’s clinical status and need immediate drainage with intrathoracic chest tube placement [12]. On the other hand, 
structural causes like SVC syndrome would need immediate initiation of chemotherapy to reduce symptoms and at times, patient might need 
balloon dilatation of the vein (Figure 2).

Image guided interventions for cancer patients can be performed for treatment or palliative therapy. Obstruction of biliary system leads to 
hyperbilirubinemia which needs to be drained with PTBD so as to make patient fit for chemotherapy and cancer control. MDCT can identify 
the level and sequel of malignant obstruction of biliary, urinary, bowel and vascular system [13]. Urinary tract obstruction may progress to 
uremia and would need immediate diversion with PCN tube or a ureteric stent using USG and fluoroscopy guidance (Figure 5f). However 
systemic treatment post-stenting, cystoscopic evidence of bladder invasion and length of obstruction greater than 3 cm are associated with 
stent failure making PCN placement the preferred option in these conditions for decompression [14]. 

Similarly, the neurological symptoms caused due to brain oedema, cerebral herniation or cord compression are better delineated with MRI 
owing to its superior resolution; however, in our resource constraint setting, it is not possible to perform MRI in every patient and CT is pre-
ferred to rule out secondary changes of herniation and hydrocephalus [15]. Radiation induced laryngeal oedema can cause severe airway in 
15%–50% patients warranting immediate intervention [16].

Abnormal fistulous communication between the oesophagus and the trachea, bronchi, and lung parenchyma occurs in lymphoma, oesopha-
geal, and lung malignancies causing recurrent pulmonary infections and aspiration pneumonitis [17]. Site and number of fistulae as well as 
condition of underlying lung can be easily assessed with the help CT and new reconstruction algorithms like virtual endoscopy. This would 
need measures for rerouting the food intake of the patient by means of Ryle’s tube, percutaneous gastrostomy or jejunal gastrostomy. Some 
patient would benefit from oesophageal and tracheal stent (Figure 5c and d); thus it becomes important for radiologist to highlight such 
complications in the report; in addition to staging of the carcinoma; so as to improve the quality of life of the patient.

Figure 5. Interventions for management of CrC:leukemia patient with fungal pneumonia on HRCT image (arrows in a) responded to antifungal drugs 
evident as resolution of nodules and ground glass opacities with appearance of internal cavitation (arrow in b). Another patient having carcinoma 
esophagus with formation of trachea-esophageal fistula seen as oral contrast tracking in the airways (arrow in c) underwent esophageal stenting (arrow in 
d). Similarly, patient with intratumoural bleed (arrow) had to undergo embolisation for hemodynamic stability (e) and PCN (arrow in f) was done for urinary 
diversion in patient with hydronephrosis (same patient as in Figure 1b) before chemotherapy in order to improve the renal function status. On the other 
hand, post radiation rectovaginal fistula in a female with carcinoma cervix (arrow in g) was kept under close surveillance with conservative approach. 
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Rupture of hypervascular malignancies such as hepatocellular carcinoma, renal cell carcinoma and melanoma or splenic rupture in cases of 
hematological malignancies are well known causes of hemoperitoneum. The interpreting radiologist can highlight the cause of active contrast 
extravasation which can help in planning embolisation and achieving haemostasis (Figure 5e) [18]. Hypercoagulable state in malignancy due 
to prothrombotic factors released by cancer cells has been implied in thrombosis and infarct related acute emergencies such as mesenteric 
ischemia and solid organ infarct [19]. Multiphase CT can demonstrate the primary mass, status of mesenteric vessels, and any associ-
ated abnormal enhancement or bowel thickening [4]. Chemotherapy induced pancreatitis is most commonly associated with L-asparaginase  
(Figure 4c) used for treatment of leukaemia and sorafenib used for metastatic RCC [6]. Patient usually presents with abdominal pain within 
3–4 weeks of initiation of therapy and it becomes imperative to obtain clinico-radiological correlation in order to prevent further complica-
tions associated with pancreatitis. Leakage commonly occurring at anastomotic site, is seen in approximately 4% of patients following urinary 
diversion, and was seen in 4 of our cases [20]. An evaluation of excretory phase images is essential in patients with increased output from a 
drainage catheter or urinary drainage from the wound that might need re-exploration 

Our study concurs with previous studies highlighting the important role of CT in detection of CrC [10]. In addition, it could illustrate the 
impact and additional role of CT in cancer patients which extends beyond staging and response assessment. It emphasises the role of radi-
ologists in providing paramount information to the treating physician which has crucial effect on the patient management. The novelty of 
this study lies in categorisation of the various conditions according to the need and type of intervention required in that particular scenario, 
with appropriate clinico-radiological correlation; which the reporting physician should be cognizant about. However, it is limited by its ret-
rospective study design conducted in a single centre. It is a descriptive study highlighting the findings seen only on one imaging modality. 
The impact of management taken into consideration was based on overall general approach whereas actual intervention would differ from 
patient to patient based on the multidisciplinary team meetings.

Conclusion

To conclude, the study highlights the huge burden of CrC in cancer patients and thus, emphasises the role of imaging in patient assessment. 
CrC needs early detection and treatment and a radiologist must be familiar with the imaging features and implications so as to timely inform 
and coordinate with the treating physician. The radiologist must have adequate knowledge of complications associated with cancer including 
post treatment complications, so that subtle complications are not missed and promptly communicated to the disease management group 
which can have a grave impact on the further treatment regime of the patient.

Acknowledgments

None.

Author contributions

Abhinav Bansal- Manuscript preparation, Data collection and analysis

Ekta Dhamija- Concept, Design, Data analysis, Manuscript editing

Chandrashekhara SH- Manuscript editing and review

Ranjit Kumar Sahoo- Concept, Manuscript editing and review.

Conflict of interest

Nil.

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2023.1529


Re
se

ar
ch

ecancer 2023, 17:1529; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2023.1529 10

Funding

None.

Ethical approval

Institute ethics committee approval for this study was obtained vide letter number IEC-1194/04.12.2020, RP-01/2021.

References

 1. Iacobellis F, Perillo A, and Iadevito I, et al (2018) Imaging of oncologic emergencies Semin Ultrasound CT MR 39(2) 151–166 https://doi.
org/10.1053/j.sult.2017.12.001 PMID: 29571552

 2. Katabathina VS, Restrepo CS, and Betancourt Cuellar SL, et al (2013) Imaging of oncologic emergencies: what every radiologist should 
know RadioGraphics 33(6) 1533–1553 https://doi.org/10.1148/rg.336135508 PMID: 24108550

 3. [http://www.ijars.net/articles/PDF/2471/39911_CE[Ra1]_F(AC)_PF1(A_SHU)_PFA(SHU)_PN(SHU).pdf] Date accessed: 06/05/20

 4. Guimaraes MD, Bitencourt AG, and Marchiori E, et al (2014) Imaging acute complications in cancer patients: what should be evaluated 
in the emergency setting? Cancer Imaging 14(1) 18 https://doi.org/10.1186/1470-7330-14-18

 5. Gaunt T, D’Arco F, and Smets AM, et al (2019) Emergency imaging in paediatric oncology: a pictorial review Insights Imaging 10(1) 120 
https://doi.org/10.1186/s13244-019-0796-5 PMID: 31853747 PMCID: 6920284

 6. Torrisi JM, Schwartz LH, and Gollub MJ, et al (2011) CT findings of chemotherapy-induced toxicity: what radiologists need to know about 
the clinical and radiologic manifestations of chemotherapy toxicity Radiology 258(1) 41–56 https://doi.org/10.1148/radiol.10092129

 7. Benveniste MF, Gomez D, and Carter BW, et al (2019) Recognizing radiation therapy–related complications in the chest RadioGraphics 
39(2) 344–366 https://doi.org/10.1148/rg.2019180061 PMID: 30844346

 8. Solomon SB and Silverman SG (2010) Imaging in interventional oncology Radiology 257(3) 624–640 https://doi.org/10.1148/
radiol.10081490 PMID: 21084414

 9. O’Neill SB, O’Connor OJ, and Ryan MF, et al (2011) Interventional radiology and the care of the oncology patient Radiol Res Pract  
[Internet] Date accessed: 05/05/20 https://doi.org/10.1155/2011/160867

 10. Rao A and Parampalli R (2019) Role of MDCT as an effective imaging tool in detection of complications amongst oncological patients 
in a tertiary care oncology institute Emerg Radiol 26(3) 283–294 https://doi.org/10.1007/s10140-019-01671-6 PMID: 30666467

 11. Westjem (2019) Diagnosis and management of oncologic emergencies [Internet] West J Emerg Med [https://westjem.com/articles/
diagnosis-and-management-of-oncologic-emergencies.html] Date accessed: 20/05/20

 12. Erasmus JJ, Goodman PC, and Patz EF (2000) Management of malignant pleural effusions and pneumothorax Radiol Clin North Am 38(2) 
375–383 https://doi.org/10.1016/S0033-8389(05)70168-8 PMID: 10765395

 13. Boulay BR and Birg A (2016) Malignant biliary obstruction: from palliation to treatment World J Gastrointest Oncol 8(6) 498–508 https://
doi.org/10.4251/wjgo.v8.i6.498 PMID: 27326319 PMCID: 4909451

 14. Hsu L, Li H, and Pucheril D, et al (2016) Use of percutaneous nephrostomy and ureteral stenting in management of ureteral obstruction 
World J Nephrol 5(2) 172–181 https://doi.org/10.5527/wjn.v5.i2.172 PMID: 26981442 PMCID: 4777789

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2023.1529
https://doi.org/10.1053/j.sult.2017.12.001
https://doi.org/10.1053/j.sult.2017.12.001
http://www.ncbi.nlm.nih.gov/pubmed/29571552
https://doi.org/10.1148/rg.336135508
http://www.ncbi.nlm.nih.gov/pubmed/24108550
http://www.ijars.net/articles/PDF/2471/39911_CE[Ra1]_F(AC)_PF1(A_SHU)_PFA(SHU)_PN(SHU).pdf
https://doi.org/10.1186/1470-7330-14-18
https://doi.org/10.1186/s13244-019-0796-5
http://www.ncbi.nlm.nih.gov/pubmed/31853747
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6920284
https://doi.org/10.1148/radiol.10092129
https://doi.org/10.1148/rg.2019180061
http://www.ncbi.nlm.nih.gov/pubmed/30844346
https://doi.org/10.1148/radiol.10081490
https://doi.org/10.1148/radiol.10081490
http://www.ncbi.nlm.nih.gov/pubmed/21084414
https://doi.org/10.1155/2011/160867
https://doi.org/10.1007/s10140-019-01671-6
http://www.ncbi.nlm.nih.gov/pubmed/30666467
https://westjem.com/articles/diagnosis-and-management-of-oncologic-emergencies.html
https://westjem.com/articles/diagnosis-and-management-of-oncologic-emergencies.html
https://doi.org/10.1016/S0033-8389(05)70168-8
http://www.ncbi.nlm.nih.gov/pubmed/10765395
https://doi.org/10.4251/wjgo.v8.i6.498
https://doi.org/10.4251/wjgo.v8.i6.498
http://www.ncbi.nlm.nih.gov/pubmed/27326319
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4909451
https://doi.org/10.5527/wjn.v5.i2.172
http://www.ncbi.nlm.nih.gov/pubmed/26981442
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4777789


Re
se

ar
ch

ecancer 2023, 17:1529; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2023.1529 11

 15. Giglio P and Gilbert MR (2010) Neurologic complications of cancer and its treatment Curr Oncol Rep 12(1) 50–59 https://doi.org/10.1007/
s11912-009-0071-x PMID: 20425608 PMCID: 3637950

 16. Saito N, Nadgir RN, and Nakahira M, et al (2012) Posttreatment CT and MR imaging in head and neck cancer: what the radiologist 
needs to know Radiogr Rev Publ Radiol Soc N Am Inc 32(5) 1261–1282

 17. Balazs A, Galambos Z, and Kupcsulik PK (2009) Characteristics of esophagorespiratory fistulas resulting from esophageal cancers: a 
single-center study on 243 cases in a 20-year period World J Surg 33(5) 994–1001 https://doi.org/10.1007/s00268-009-9988-3 PMID: 
19288038

 18. Lubner M, Menias C, and Rucker C, et al (2007) Blood in the belly: CT findings of hemoperitoneum RadioGraphics 27(1) 109–125 https://
doi.org/10.1148/rg.271065042 PMID: 17235002

 19. Heller MT and Khanna V (2011) Cross-sectional imaging of acute abdominal conditions in the oncologic patient Emerg Radiol 18(5) 417 
https://doi.org/10.1007/s10140-011-0971-6 PMID: 21701881

 20. Moomjian LN, Carucci LR, and Guruli G, et al (2016) Follow the stream: imaging of urinary diversions RadioGraphics 36(3) 688–709 
https://doi.org/10.1148/rg.2016150180 PMID: 27058730

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2023.1529
https://doi.org/10.1007/s11912-009-0071-x
https://doi.org/10.1007/s11912-009-0071-x
http://www.ncbi.nlm.nih.gov/pubmed/20425608
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3637950
https://doi.org/10.1007/s00268-009-9988-3
http://www.ncbi.nlm.nih.gov/pubmed/19288038
https://doi.org/10.1148/rg.271065042
https://doi.org/10.1148/rg.271065042
http://www.ncbi.nlm.nih.gov/pubmed/17235002
https://doi.org/10.1007/s10140-011-0971-6
http://www.ncbi.nlm.nih.gov/pubmed/21701881
https://doi.org/10.1148/rg.2016150180
http://www.ncbi.nlm.nih.gov/pubmed/27058730

