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Abstract

Rationale
For oesophageal cancer patients treated with neoadjuvant chemoradiotherapy 
(nCRT), a restaging FDG-PET-CT following nCRT can detect interval metastases, 
including liver metastases, in almost 10% of patients. However, in clinical 
practice, focal FDG liver uptake, unrelated to liver metastases, is observed after 
chemoradiotherapy. This radiation-induced liver injury (RILI) can potentially lead 
to overstaging.

Methods
A systematic search for potential cases of RILI after (chemo)radiotherapy for 
oesophageal cancer was performed in the electronic reports from all PET-CT 
scans made between 2006 and 2015 in our hospital. Additional data about potential 
cases was obtained from the electronic medical records. Also, a literature review 
of RILI was performed. 

Results
Of 205 patients undergoing nCRT, six cases were identified with localized increased 
FDG uptake in the caudate or left liver lobe following nCRT for oesophageal cancer. 
None of these patients had signs of liver metastases with additional imaging, during 
surgery, on biopsy or during follow-up (range: 11 to 46 months). In our institute the 
incidence of RILI after neoadjuvant chemoradiotherapy for oesophageal cancer was 
3%. In the literature, RILI is described in ~8% of patients at the time of restaging. 
FDG-avid lesions occur in the high radiation dose area, usually corresponding to 
the caudate or left liver lobe. 

Conclusions
FDG accumulation in the caudate or left liver lobe after chemoradiotherapy 
in the area that received a high radiation dose, may be caused by metastases 
or RILI. Awareness of the pitfall of high FDG uptake in RILI is crucial to avoid 
misinterpretation and overstaging. 

 

Introduction
Oesophageal cancer is the sixth leading cause of cancer-related death 
worldwide (1). It presents in the majority of patients as locally advanced disease.  
F-18-fluorodeoxyglucose (FDG) positron emission tomography with computed 
tomography (PET-CT) is important for staging oesophageal cancer and selecting 
patients for potentially curative therapy (2, 3). 
Neoadjuvant chemoradiotherapy results in downstaging of the tumour, increases 
the radical resection rate, and is associated with a survival benefit (4, 5). It is the 
standard of care in The Netherlands for most patients with resectable oesophageal 
tumours. 
At restaging with FDG-PET-CT after chemoradiotherapy, 8% of patients are found 
to have interval metastases (3, 6). However, inflammatory reactions may induce 
false-positive results on FDG-PET-CT (7, 8). Radiation-induced liver disease 
(RILD), previously termed ‘radiation hepatitis’, can cause both diffuse as well as 
focally increased FDG uptake on PET-CT. RILD is a syndrome with symptoms 
including anicteric ascites and hepatomegaly. However, more localized radiation-
induced liver injury can be seen on imaging without any clinical signs of RILD (9). 
Knowledge of this pitfall is crucial to avoid misinterpretation of these lesions as 
metastases.
We systematically searched our PET reports for potential cases of radiation-induced 
liver injury and identified six probable cases. In addition, a literature review of 
radiation-induced liver injury and FDG-PET-CT is presented.

Methods
A systematic search for potential cases of radiation-induced liver injury after 
chemoradiotherapy for oesophageal cancer was performed in the electronic 
reports from all PET-CT scans made in our comprehensive cancer center between 
2006 and 2015. From 2006 onwards all patients were restaged with a PET-CT before 
and after nCRT and before surgery. An automated search for Dutch synonyms and 
abbreviations of ‘oesophagus’ combined with ‘liver’, ‘radiotherapy’ and ‘follow-
up’ was performed, with wildcards for different possible extensions: (*slokdarm* 
OR *esofag* OR *esophag* OR *oesca* OR *oes ca*) AND (*lever*) AND (*RT*, 
*radiotherapie*, *chemoradi*) AND (*respons* OR *reactie* OR *follow-up*).  
All reports resulting from this search were manually checked by a nuclear medicine 
physician (EV) for potential cases of radiation-induced liver injury. Cases were 
excluded when physiological diffuse or noisy liver uptake, or multiple FDG-avid 
metastases in the liver was described in the report and confirmed with additional 
investigation. For the remaining potential cases, additional data was obtained from 
the electronic medical records and picture archiving and communications system. 
Also, a literature review of radiation-induced liver injury was performed.
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TABLE 1

Patient characteristics of six probable cases of radiation-induced liver injury

TABLE 1 (Continued)

Patient characteristics of six probable cases of radiation-induced liver injury

Gender Male Male Male
Age (years) 50 62 41
Location of Mid and distal Distal Distal
oesophageal tumour 
Clinical stage‡  T3N1M0 T3N0M0 T3N1M0
Pathology Squamous Adenocarcinoma Adenocarcinoma
  cell carcinoma
Treatment regimen 50.4Gy in 23 fractions  41.4 Gy in 23 fractions  41.4 Gy in 23 fractions
  with weekly carboplatin  with weekly carboplatin  with weekly carboplatin
  and paclitaxel and paclitaxel  and paclitaxel
SUVmax tumour pre-CRT 16.5 12.2 13.8
Suspicious nodes on PET-CT Celiac, subcarinal,  None Subcarinal and celiac
  paratracheal   
Interval between CRT 5 weeks 3 weeks 3 weeks
and 2nd PET scan
SUVmax tumour post-CRT 4.9 4.8 7.3
SUVmax new liver lesions 6.3 6.8 5.0
Location of liver activity Left liver lobe Left liver lobe Left liver lobe
Additional liver imaging Repeated PET-CT after  Liver ultrasound:  MRI of the liver: no
  25, 36 and 46 months:  mild steatosis without  metastases, no focal
  ongoing complete  focal abnormalities  abnormalities, normal
  response of primary  CECT: decreased liver
  tumour and nodes;  attenuation 
  no liver metastases  CECT 6,13 and 23
   months after PET: 
   normal liver without     
   metastases
Plasma transaminases Not assessed Normal Normal 
Additional inspection 
  

  
Therapy after CRT None, due to suspicion  Oesophagectomy Oesophagectomy
  of liver metastases  
Follow up period 46 months 28 months 26 months
Disease status No evidence of disease No evidence of disease No evidence of disease

Figures Figure 1 Figure 2  

Male Male Male
59  49 75
Distal Distal Distal

T3N1M0 T3N1M0 T2N1M0
Adenocarcinoma Adenocarcinoma Large cell neuroendocrine 
   carcinoma
50 Gy in 25 fractions  41.4 Gy in 23 fractions 2 induction courses carboplatin/  
with 2 cycles of intravenous  with weekly carboplatin etoposide. 3rd course combined
cisplatin and 5-fluorouracil  and paclitaxel 50 Gy in 25 fractions
9.0 20.4 14.7
Celiac trunk Paraoesophageal Celiac trunk

3 weeks 4 weeks 6 weeks

10.8 6.0 6.4
8.2 5.9 4.9
Left liver lobe Left and caudate lobes Left liver lobe
Liver ultrasound:  CECT: no abnormalities CECT: hypodense aspect 
no signs of metastases  of the left liver lobe, not
CECT: decreased attenuation   suspicious for metastases
in the left liver lobe, not
suspicious for metastases

Normal Normal  Normal
Fibrotic aspect at 
laparotomy
Biopsy: normal hepatocytes, 
no metastases  
Oesophagectomy Oesophagectomy None, complete 
   response on CRT
21 months 18 months 11 months
Dead of disease  Brain metastases  No evidence of disease
Developed metastases in 
right liver lobe and bones 
after 15 months, no metastases 
left liver lobe   
  Figure 3 

 Patient 1 2 3 4 5  6

Abbreviations:
‡TNM 7th edition, CRT; chemoradiotherapy, SUV; standardized uptake value, PET-CT; positron emission 
tomography computed tomography, CECT; contrast enhanced CT
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FIGURE 1. Pretreatment (upper) and restaging (lower) FDG-PET-CT of patient 1, including radio-
therapy dose distribution. The light blue line represents the 95% isodose (47.9 Gy). Notice the new 
FDG-avid lesion in the left liver lobe, which received over 45 Gy of radiation.

FIGURE 2. Restaging FDG-PET-CT after chemoradiation, and radiotherapy planning CT (lower right) 
of patient 2. Notice the highly FDG-avid lesion in the dorsal left part of the liver, which received a 
radiation dose of over 37 Gy.

Results
From 2006-2015 a total of 205 patients were treated with neoadjuvant 
chemoradiotherapy with curative intent for oesophageal cancer and were restaged 
2-6 weeks after treatment with FDG-PET-CT scan in our hospital. The automated 
search of the electronic PET-CT reports yielded 234 reports. Manual screening 
of these reports revealed six potential cases of radiation-induced liver injury.  
An additional seventh case was identified in a PET-CT report from another hospital, 
after this patient had been referred to us for a second opinion.
Further analysis of one case revealed that the described FDG uptake in the liver 
was uncertain (probably due to noise) and located in the right liver lobe, outside 
of the high radiation dose area. Therefore, this patient was excluded. The six 
remaining probable cases of radiation-induced liver injury are described in detail in  
Table 1. In total, the incidence of RILI after chemoradiotherapy for oesophageal 
cancer was 3%. 

Patients
All six patients had undergone chemoradiotherapy for oesophageal carcinoma, 
and had developed new foci of increased FDG uptake in the left liver lobe at 
FDG-PET-CT that was performed for restaging before proceeding to surgery.  
The details of these cases are summarized in Table 1. In most patients, the possibility 
of radiation-induced liver injury was recognized and investigated in the reports, 
but in one patient the FDG-avid liver lesions described as metastases. This case 
(patient 1) is described in more detail below. 
A 50-year-old man presented with a T3N2M0 (TNM 7th edition (10)) midoesophageal 
squamous cell carcinoma (SUVmax 16.5) with a second tumour deposition in 
the distal oesophagus, and celiac, subcarinal, and paratracheal lymph node 
metastases, but without signs of distant metastases. The patient was treated with 
concurrent chemoradiotherapy (50.4 Gy in 28 fractions with weekly paclitaxel 
and carboplatin). Five weeks after completion of chemoradiotherapy, the patient 
was restaged with FDG-PET-CT. The primary tumour and nodes showed a good 
metabolic response (SUVmax 4.9), but a new focus of FDG uptake appeared in the 
left liver lobe (SUVmax 6.3, Fig. 1). Because of high suspicion of liver metastases, 
the patient did not proceed to surgery, although pathology confirmation was 
not obtained. He was offered palliative systemic treatment, which he refused.  
Two years later he received a new PET-CT, revealing complete metabolic response 
of the primary tumour and nodes, and resolution of the liver focus. Repeated PET-
CT after 25, 36 and 46 months showed ongoing complete metabolic response 
without distant metastases. Today, 46 months after treatment, the patient is  
doing well.  
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Imaging features of RILD and radiation-indcuced liver injury 
Although radiation-induced liver injury is not frequently described, focal 
radiological abnormalities corresponding to radiation-induced liver injury may 
occur after irradiation of a small area of the liver to a high dose (17). Patients with 
radiation-induced liver injury have abnormalities on imaging as described above, 
but without clinical symptoms or laboratory abnormalities.

Chapter 6Chapter 6

FIGURE 3.Restaging FDG-PET-CT after chemoradiation and radiotherapy  panning CT of patient 5.  
Notice the FDG-avid lesions in the caudate and dorsal left liver lobes, which received a radiation dose 
of over 37 Gy.

Discussion and literature review
We describe six cases with new FDG-avid liver lesions shortly after neoadjuvant 
chemoradiotherapy for a distal oesophageal tumour, mimicking liver metastases. 
On additional imaging, intraoperative and during follow-up of 46, 28, 26, 21, 18 
and 11 months respectively, in none of the patients metastases were found at the 
locations of the FDG-uptake. In one case surgery was cancelled and palliative 
treatment was offered, based on this liver lesion. 
None of these patients had clinical signs of RILD or elevations in transaminases.  
The focal areas of increased liver uptake correlated strictly to the high radiation 
dose area (Fig. 1-3) and were seen in the left liver lobe or the caudate lobe.  
The lesions were eventually classified as radiation-induced liver injury.
In this systematic search of the reports in our database, we found an incidence of 
RILI of 3%. Other retrospective reports found higher incidences (8%) of RILI when 
all scans were reassessed for focal uptake in the left liver lobe (11, 12). A possible 
explanation for the lower incidence in this study is that some cases of RILI may have 
been missed by our systematic search. 

Symptoms and etiology of radiation-induced liver injury and RILD
RILD is a rare, severe, sometimes dose-limiting complication of radiation therapy, 
characterized by anicteric hepatomegaly, ascites and elevated liver enzymes, 
typically occurring two weeks to three months after completion of radiotherapy (13). 
There is no treatment for RILD, however supportive and symptomatic management 
(eg, treatment of ascites) can be performed. The majority of patients recover 
completely in three to five months, while in a minority deterioration of liver fibrosis 
and failure develops. Only rarely fulminant hepatic failure occurs.
The risk of RILD increases strongly with the mean liver dose and the irradiated liver 
volume. After a mean liver dose < 31 Gy, RILD is unlikely (14, 15). 
In distal oesophageal cancer, mean liver radiation doses are generally below 30 Gy. 
However, the radiation target volume often includes parts of the liver, which may 
receive doses up to 40-50 Gy. This can induce localized radiation-induced injury 
in the liver without clinical symptoms (9, 16, 17) (4-6). 
RILD is a veno-occlusive disease involving the central veins (18). Radiation-induced 
endothelial damage results in platelet activation, fibrin deposition, congestion of 
vessels, hepatic stellate cell activation and blood flow obstruction, causing loss  
of hepatocytes, fibrosis and even necrosis (18). 
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about the timing of radiation-induced oesophagitis, which may be comparable to 
RILI. Severity of acute oesophagitis was correlated with oesophageal FDG uptake 
up to 4 weeks after CRT in non-small cell lung cancer (7). It would be interesting 
to follow-up patients suspected of RILI with serial PET-CT scans, to learn more 
about its natural course in time. In addition, prospective organ-preservation trials 
are currently preparing to enrol oesophageal cancer patients for a non-surgical 
approach in selected patients (e.g. the Dutch SANO trial). Those patients are strictly 
followed with serial PET-CT after definitive chemoradiotherapy. From these serial 
PET-CT series we hope to learn more about the duration, timing and intensity of RILI. 

Clinical implications
Radiation-induced liver injury is described in 3-8% of patients who are reassessed 
with a PET-CT scan after neoadjuvant CRT. Although this phenomenon is relatively 
rare, awareness of its existence is important to prevent a false positive diagnosis 
of metastatic disease. When a patient shows FDG activity in the left or caudate 
liver lobes after CRT, additional investigations should be performed to confirm 
or exclude distant metastases. Surgery generally follows about 6-8 weeks after 
the end of CRT. Before proceeding to surgery, PET-CT evaluation is advised to 
screen for new interval metastases, which occur in approximately 8% of patients.  
These patients will usually not proceed to surgery (6). This evaluation moment 
overlaps with the recovery phase of radiation-induced side effects, and thus with 
the period in which RILI might be observed. 
Currently, the timing of the surgical procedure is part of prospective investigations 
(22) and in daily practice patients are often operated beyond 8 weeks after CRT (23). 
If the PET-CT evaluation has a larger interval to the end of CRT, radiation-induced 
FDG activity may be less frequent. 

Conclusion
A new liver lesion at FDG-PET-CT, CECT and/or MRI shortly after neoadjuvant 
chemoradiotherapy for oesophageal cancer can be caused by radiation-induced 
liver injury. A comparison of the location of the FDG-avid areas and the radiation 
treatment plan and additional imaging with CT and MRI and even biopsy may help 
to determine the likelihood of radiation-induced liver injury versus the possibility of 
hepatic metastases. Knowledge of this phenomenon and its imaging characteristics 
is crucial to avoid overstaging of patients after chemoradiation. 

CT
Contrast enhanced CT shows low attenuation due to edema at the irradiated area 
of the liver. If radiation treatment is delivered with two opposed fields, causing 
a sharp dose gradient, a clear demarcation between the non-irradiated and the 
irradiated area can be seen, (17, 19). Current advanced radiotherapy techniques 
using multiple beams from different angles, have a less sharp dose gradient  
(Fig 1-3), with a relatively small volume of normal tissue close to the target volume 
receiving a relatively high dose, and a larger volume of surrounding tissue receiving 
lower doses. Liver injury is generally confined to the area irradiated to a high dose, 
resulting in focal areas of oedema and lower attenuation on CT (19). 

MRI
On MRI, liver areas that received a high radiation dose generally have low signal 
intensity on T1-weighted images and high signal intensity on T2-weighted images, 
as a result of oedema (8, 19). When gadolinium contrast is given, radiation induced 
liver injury frequently leads to decreased uptake of contrast (20). 

FDG-PET-CT
Two retrospective studies described patients similar to our patients. A retrospective 
analysis of 112 patients with distal oesophageal cancer receiving neoadjuvant 
chemoradiotherapy and restaging PET-CT found new liver foci in 10/112 patients 
(9%). Nine of these were determined to have radiation-induced liver injury based 
on further imaging (n=6) or biopsy (n=2) and one patient had developed interval 
metastatic disease based on biopsy. Radiation-induced liver injury was solely seen 
in the caudate and left hepatic lobes (11). 
Another retrospective study of 26 patients evaluated FDG uptake in the liver 
before and after neoadjuvant chemoradiotherapy for oesophageal cancer.  
New focal FDG uptake in the left liver lobe after chemoradiation was seen in 
2 patients (8%) with no increase of FDG in the right part of the liver. In one of 
these patients, biopsy confirmed radiation injury. On CT, atrophy and decreased 
attenuation of the irradiated left liver lobe were found in 58% of patients, without 
signs of liver metastases (12). 
The mechanism of FDG accumulation in radiation-induced liver injury is uncertain; 
most likely it is caused by an inflammatory component. It is well known that 
(radiation-induced) inflammation, such as post-radiotherapy oesophagitis (7), 
is FDG-avid due to high glucose uptake of leukocytes (16, 21). 
The duration and timing of this phenomenon is also unclear. Acute side effects 
of chemoradiotherapy increase during and shortly after treatment. Thereafter 
they slowly diminish, which may take 6 weeks or more. Since RILI gives no clinical 
symptoms and PET-CT is not a part of standard clinical follow-up after surgical 
resection, the duration and maximal intensity of RILI is unknown. More is known 
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