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Abstract

Pancreatic cancer remains a major health problem, and only less than 20% of patients have 

resectable disease at the time of initial diagnosis. Systemic chemotherapy is often used in the 

patients with borderline resectable, locally advanced unresectable disease and metastatic disease. 

CT is often used to assess for therapeutic response; however, conventional imaging including CT 

may not correctly reflect treatment response after chemotherapy. Dual-energy (DE) CT can 

acquire datasets at two different photon spectra in a single CT acquisition, and permits separating 

materials and extract iodine by applying a material decomposition algorithm. Quantitative iodine 

mapping may have an added value over conventional CT imaging for monitoring the treatment 

effects in patients with pancreatic cancer and potentially serve as a unique biomarker for treatment 

response. In this pictorial essay, we will review the technique for iodine quantification of 

pancreatic cancer by DECT and discuss our observations of iodine quantification at baseline and 

after systemic chemotherapy with conventional cytotoxic agents, and illustrate example cases.
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Pancreatic cancer remains a major health problem, representing the fourth leading cause of 

cancer-related death in men and women in the United States in 2012 [1]. In contrast to 

declining trends for the major cancers and the steady increase in survival for most cancers, 

death rates rose in both sexes for pancreatic cancers from 2003 to 2012, and the 5-year 

relative survival remains low, currently 8% from 2005 to 2011 [1]. Early detection and 

surgical resection remains the only potential cure for pancreatic cancer. However, only less 

than 20% of patients have resectable disease at the time of initial diagnosis [2], and 45% of 

patients with overtly metastatic disease [2, 3]. Remaining 30 to 40% of patients are affected 

by a locally advanced cancer at the time of the initial diagnosis [2–4] due to solid tumor 

contact with the superior mesenteric artery or celiac axis over greater than 180 of the vessel 

circumference, or aortic invasion or encasement, or unreconstructible superior mesenteric 

vein or portal vein tumor involvement or occlusion [1, 5]. Systemic chemotherapy is often 

used in the management of locally advanced unresectable and metastatic pancreatic cancer 

[6]. Approximately 20% of patients have borderline resectable tumor, and those patients 

often receive neoadjuvant therapy to achieve downstage tumors and to convert resectable 

disease [4, 7].

To evaluate treatment response to systemic chemotherapy, we evaluated iodine quantification 

in advanced pancreatic cancer using dual-energy computed tomography (DECT) in addition 

to conventional markers including change in tumor size (RECIST diameter and volume) as 

well as carbohydrate antigen 19–9 (CA19–9) values. In this pictorial essay, we will review 

the technique of iodine quantification of pancreatic cancer by DECT, and discuss our 

observations of iodine uptake by pancreatic cancer at baseline and at follow-up after 

systemic chemotherapy with conventional cytotoxic agents and illustrate example cases. We 

also briefly review limitations of conventional CT to monitor treatment response of 

pancreatic cancer to chemotherapy and factors that need to be considered for the use of this 

technique.

Limitations of conventional CT imaging for monitor treatment response

Multidetector CT is the primary modality of choice in the preoperative diagnosis and the 

initial staging of pancreatic cancer [8–11] and helps to determine treatment planning. A 

dedicated pancreatic protocol CT maximizes the contrast differences between various tissues 

during the pancreatic and portovenous phases and improves the sensitivity for detecting 

vascular invasion and liver metastases [9–11].

CT is also often used to evaluate treatment response [11]. However, for evaluation of 

treatment response, CT and other current conventional anatomical imaging modalities have 

limitations. It has been reported that post-neoadjuvant chemotherapy and/or chemoradiation 

therapy CT often underestimates the disease response. Katz et al. reported that among 129 

patients with borderline resectable pancreatic adenocarcinoma underwent gemcitabine-based 

neoadjuvant chemotherapy and/or chemoradiation therapy; post-treatment CT demonstrated 

stable disease (69%) or partial response (12%) according to RECIST criteria, and only 1 

patient (0.8%) was downstaged to resectable disease [7]. Despite persistent borderline 

resectability in majority of patients, 81 or 85 patients (95%) achieved negative resection 

margins (R0) [7]. Similarly, Ferrone et al. reported that 40 patients with locally advanced 
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and borderline resectable disease underwent neoadjuvant FOLFIRINOX therapy with or 

without additional radiation or other therapy; post-treatment CT still classified as locally 

advanced or borderline resectable disease in 70% of patients. However, 92% of patients 

achieved R0 resection [4].

CT often reveals persistent close relationship between the tumor and mesenteric vasculature 

after neoadjuvant therapy even without the presence of tumor correlated with surgical result 

[7]. Therefore, more accurate modalities are needed to accurately assess the true response to 

treatment which can provide more accurate prognostic information, and guide optimal 

treatment [2]. Positron emission tomography (PET) is one of such modalities, and provides 

metabolic and functional information, and has been used to monitor post-chemotherapy and 

postradiation treatment response [12, 13].

DECT with iodine quantification

DECT systems are FDA-approved equipment, and can acquire datasets simultaneously at 

two different photon spectra in a single CT acquisition [14]. In addition to providing images 

similar to those obtained with single-energy CT, post-processing DECT datasets permit 

separating materials and extract iodine by applying a material decomposition algorithm [14, 

15]. With this advantage, dual-energy CT allows to differentiate and isolate the imaged 

iodine distribution in soft tissues and can provide the amount of iodine in tumor which 

reflects vascularity within the tumor [16]. Quantitative iodine mapping may have an added 

value over conventional CT imaging for monitoring the treatment effects in patients with 

pancreatic adenocarcinoma [17] and potentially serve as a unique biomarker for treatment 

response.

CT protocol

The patients were scanned with a second-generation dual-source DECT scanner 

(SOMATOM Definition Flash, Siemens Medical Solutions USA, Inc., Malvern, PA). The 

quality reference mAs for the online dose modulation system (CARE Dose4D; Siemens 

Medical Solutions USA, Inc., Malvern, PA) were 250 mAs for tube A (100 kVp) and 193 

mAs for tube B (140 kVp).

The patients were administered with 120 ml of nonionic contrast material (Iohexol 

[Omnipaque 350, GE Healthcare, Princeton, NJ], or Iodixanol [Visipaque 320, GE 

Healthcare, Princeton, NJ]) intravenously through a peripheral venous line with injection 

rate of 4–5 mL/s. Each patient had the same amount of iodine administration at the baseline 

and post-chemotherapy CT. Dual-phase CT protocol included arterial phase timed by 

BolusTracking (Siemens Medical Solutions USA, Inc., Malvern, PA) at 230 HU in the 

abdominal aorta, followed by a 30-s delay for venous phase. Both phases were scanned with 

DE mode. Anatomical coverage in arterial phase was the abdomen to include the dome of 

the liver through the iliac artery bifurcation, and in venous phase the abdomen and pelvis to 

include the dome of the liver through the symphysis pubis. CT protocol was the same as our 

standard protocol except that the scans were performed in DE mode.
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The patients were scanned with 32 × 0.6 mm collimation. The reconstruction field of view 

(FOV) for the DE data was 33.2 × 33.2 cm. The image data were reconstructed with the 

body soft tissue convolution kernel (D30f) with a 512 × 512 matrix. The reconstruction 

thickness and increment used for tumor segmentation were 1.5 and 1.0 mm, respectively. For 

diagnostic reading and three-dimensional and multiplanar reformation imaging, additional 

reconstructions were generated with 3 mm slice thickness at 3-mm interval and 0.75 mm 

slice thickness at 0.5-mm interval.

Post-processing

The reconstructed DECT data were loaded on a workstation, and tumor segmentation was 

performed using a prototype automated segmentation software (Siemens Medical Solutions 

USA, Inc., Malvern, PA) followed by manual editing. For tumor segmentation, the border of 

the tumor was carefully determined by reviewing both arterial and venous phase using the 

simulated weighted-average 120-kVp images and iodine map images shown side by side, 

and adding all axial slices including the tumor (Fig. 1). For tumors infiltrating outside of the 

pancreas into the retroperitoneum and peritoneum, soft tissue mass contiguous from the 

primary pancreatic tumor was included for tumor volume measurement. Arteries and veins 

containing iodine were removed from tumor segmentation. Calcifications and metallic 

objects (e.g., stent) were also removed from tumor segmentation. Apparent cystic 

component (well-defined round or oval hypoattenuating structure with CT number less than 

10 HU on simulated weighted-average 120-kVp images) was removed from tumor 

segmentation, and only soft tissue component was included.

The parameters obtained using tumor segmentation software included (1) RECIST diameter 

(mm), (2) tumor volume (mL), (3) mean CT number of tumor (HU) at simulated weighted-

average 120-kVp images, (4) iodine uptake by tumor per volume of tissue (mg/mL), and (5) 

normalized tumor iodine uptake (tumor iodine uptake normalized to the reference value 

acquired using region of interest place in the abdominal aorta at the level of the pancreatic 

tumor, calculated by tumor iodine uptake [mg/dL]/abdominal aortic uptake [mg/dL]).

Clinical experience

The protocol was approved by our institutional review board. The protocol was explained to 

the patients, and was performed if patient consent to participate was granted.

We scanned 18 patients (11 males, 7 females, average age 68.1 ± 11.6 years) with newly 

diagnosed borderline resectable or unresectable pancreatic adenocarcinoma due to vascular 

involvement referred to dedicated CT examination. Two patients also had liver metastasis, 

and one patient had peritoneal carcinomatosis at the time of initial diagnosis. Patients were 

treated with conventional cytotoxic chemotherapy with variable regimens including nine 

patients with FOLFIRINOX regimen (2–4 cycles) and eight patients with gemcitabine-based 

regimens (2–7 cycles). One patient was initially treated with FOLFIR INOX switched to 

gemcitabine-based regimen for poor tolerance. CT examinations were performed as a part of 

our standard diagnostic algorithm. Baseline CT was performed within 3 weeks (average 2.0 

± 1.5 weeks) before the initiation of chemotherapy. Post-chemotherapy CT examination was 
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performed with average 10.0 ± 5.4 weeks after the initiation of chemotherapy. Iodine uptake 

in the pancreatic tumor was quantified.

Observations and case examples

Generally, tumor size was only minimally decreased on post-chemotherapy CT. No patients 

met criteria for partial response (tumor diameter <70% in the greatest dimension of the 

primary tumor of baseline) defined by RESICT (version 1.1) [18]. Average tumor diameter 

on post-chemotherapy CT was reduced to 94% of the baseline, and average tumor volume 

was reduced to 78% of the baseline. In three patients, tumor size increased on post-

chemotherapy CT. In 12 patients, CA19–9 values were elevated (>36 U/mL) at baseline, and 

were available within 14 days of both baseline CT and post-chemotherapy. Average CT19–9 

was decreased to 45% of the baseline in 12 patients, but one patient had increased CA19–9 

value.

Generally, tumor iodine uptake and normalized tumor iodine uptake (calculated by tumor 

iodine uptake [mg/dL] divided by abdominal aortic uptake [mg/dL]) decreased in post-

chemotherapy CT compared to the baseline, which may be more apparent in tumors which 

had larger reduction in their size. This tendency may be more apparent in normalized tumor 

iodine uptake than tumor uptake. However, the change in iodine uptake is small, and there 

were cases that did not follow these trends. CT attenuation of the tumor on simulated 

weighted-average 120-kVp images was generally very minimally lower in post-

chemotherapy CT, but difference is generally smaller than change in iodine uptake.

Figure 2 illustrates a patient with unresectable pancreatic cancer due to vascular encasement. 

Tumor size decreased (post-chemotherapy tumor diameter was 89% of the baseline and 

tumor volume was 53% of the baseline), and CA19–9 decreased to 10% of the baseline after 

chemotherapy. Tumor iodine uptake decreased on post-chemotherapy CT compared to the 

baseline CT.

Figure 3 illustrates a patient with unresectable pancreatic cancer due to vascular encasement. 

Tumor size decreased (post-chemotherapy tumor diameter was 85%, and tumor volume was 

59% of the baseline), and CA19–9 decreased to 47% of the baseline after chemotherapy. 

Tumor iodine uptake decreased on post-chemotherapy CT compared to the baseline CT, 

which was more apparent in normalized tumor iodine uptake than tumor uptake.

Figure 4 illustrates a patient with unresectable pancreatic cancer due to vascular encasement. 

Tumor size decreased (diameter was 75%, volume was 57% of the baseline), and CA19–9 

decreased to 70% of the baseline after chemotherapy. Tumor iodine uptake was slightly 

lower on the post-chemotherapy CT compared to the baseline CT, which was more apparent 

in normalized tumor iodine uptake than tumor uptake. This patient underwent 

pancreaticojejunostomy after additional radiation treatment. Pathologically, there were 0.5 

mm poorly differentiated adenocarcinoma in the pancreas, and soft tissue associated with 

large blood vessels, ganglia, and nerve trunk showed dense scarring without remaining 

tumor.
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Figure 5 illustrates a patient with unresectable pancreatic cancer with vascular encasement. 

Tumor diameter was nearly unchanged (98% of the baseline), tumor volume was slightly 

decreased (88% of the baseline), and CA19–9 was decreased (70% of the baseline) on post-

chemotherapy. Tumor iodine uptake was nearly same on the post-chemotherapy CT 

compared to the baseline.

Figure 6 illustrates a patient with borderline resectable pancreatic cancer with borderline 

vascular encasement. The tumor did not change the size following chemotherapy (tumor 

diameter was 100% of the baseline, tumor volume was 98%, and CA19–9 was 93% after 

chemotherapy). Tumor iodine uptake was slightly higher on the post-chemotherapy CT 

compared to the baseline.

Figure 7 illustrates a patient with unresectable pancreatic cancer with vascular encasement. 

The tumor increased in size after chemotherapy (tumor diameter was 117%, tumor volume 

was 184%, and CA19–9 was 540% of the baseline). In addition, the patient developed 

ascites and peritoneal carcinomatosis on post-chemotherapy CT. Tumor iodine uptake was 

higher on post-chemotherapy CT.

Pancreatic cancer and systemic chemotherapy

Generally, accepted chemotherapy combinations for pancreatic adenocarcinoma include 

FOLFIRINOX (leucovorin, fluorouracil, irinotecan, and oxaliplatin) and gemcitabine-based 

chemotherapy [6]. Since FOLFIRINOX has found to improve overall survival of patients 

with metastatic pancreatic adenocarcinoma when compared with gemcitabine [19], the same 

multidrug chemotherapy regimen became a rational choice to treat borderline and locally 

advanced pancreatic adenocarcinoma to render patients with locally advanced cancer 

resectable [20]. Gemcitabine have been the most widely used agents along with 5-

fluorouracil for patients with pancreatic adenocarcinoma [2]. Gemcitabine with 

nabpaclitaxal chemotherapy including nab-paclitaxalpacrotaxine and other regimen are 

being tested, and their efficacies are being investigated [2].

Conventional anticancer chemotherapy may affect tumor vascularization [21]. Previous 

studies have shown reduction in CT perfusion parameters after conventional chemotherapy 

in various types of tumors including rectal cancer [22, 23] and non-small cell lung cancer 

[24]. Many of the conventional chemotherapeutic agents are cytotoxins that are capable of 

damaging the vascular endothelium [22]. These observations might be based on the loss of 

angiogenic cytokine support after cell death [25].

Iodine quantification for evaluation of anti-tumor therapy effect

Dynamic contrast enhancement CT or MRI assesses the vascular support of tumors by 

quantification of the perfusion parameters during a rapid series of images acquired with 

intravenous administration of contrast material [26]. Following the administration of a 

diffusible, extracellular contrast agent, the temporal change of the image signal is related to 

the local blood supply and the extravasation of the contrast agent into the interstitial space, 

reflecting the status of tissue microcirculation [27]. Dynamic contrast-enhanced CT has been 

used in pancreatic adenocarcinoma to improve diagnostic accuracy [28], assess tumor 
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grading [29], and patient’s prognosis [30]. However, dynamic contrast-enhanced CT 

examination requires complex post-processing and evaluation is still not standardized [16].

DECT allows to determine imaged iodine distribution in soft tissues and can provide the 

amount of iodine in soft tissues expressed in milligrams per milliliters [17, 31]. 

Quantification of the iodine content provides indirect information about the underlying 

tissue microvascular environment [17, 31], and corresponds to the level of tissue perfusion at 

a concrete time point, and therefore reflects the degree of vascularization [16]. With this 

advantage, quantitative iodine mapping may have an added value over conventional CT 

imaging for monitoring the treatment effects in patients with pancreatic adenocarcinoma. 

Recently, Baxa et al. reported that dual-phase DECT in patients with advanced non-small 

cell lung cancer treated with anti-EGFR therapy demonstrated a decrease in vascularization 

in the responding primary tumors [16]. Several studies have been published focusing on the 

use of DECT in the evaluation of the effect of anti-tumor therapy [16, 32–34].

Accuracy of iodine quantification measured by DECT

Accuracy of iodine quantification measured by DECT have been investigated by a phantom 

studies [35, 36] and patient’s studies [37, 38], and is found to be influenced by multiple 

factors [35, 36]. Jacobsen et al. reported generally good agreement in iodine quantification 

across 3 DECT manufactures using a phantom representing a large body cross section with 

three iodine inserts (2, 5, and 15 mg/mL) [35]. They found that iodine measurement error 

ranged from −0.24 to 0.16 mg/mL (−12.0 to 8.0%) for 2 mg/mL iodine insert, with the 

largest absolute measurement error found in the 15 mg/mL iodine insert [35].

Pancreatic adenocarcinoma is typically a hypovascular tumor, and tumor iodine uptake is 

generally smaller than uptake by normal pancreatic parenchyma. In our cases, iodine 

concentration of tumor per tissue volume ranged from 0.7 to 1.7 mg/mL at baseline and 

from 0.6 to 1.5 mg/mL at post-chemotherapy in arterial phase, and from 1.1 to 2.7 mg/mL at 

baseline and from 0.9 to 2.3 mg/mL at post-chemotherapy in venous phase. Because iodine 

uptake by tumor as well as change in iodine uptake after chemotherapy was small, 

distinction between measurement error and a true therapeutic effect may be difficult.

Ratio of tumor to aortic iodine concentration

Tumor iodine uptake may be measured as absolute uptake per tissue volume as well as 

normalized tumor iodine uptake obtained by a tumor-to-aortic iodine concentration ratio 

[37]. The use of ratio of tumor to aortic iodine concentration more likely normalizes the 

technical and physiological variations such as contrast input function, patient’s 

hemodynamic status, patient’s body weight, and amount of tissue that iodine may distribute 

rather than absolute tumor iodine concentration, and compensate inter-subjective and intra-

subjective variability [39, 40]. Also, venous phase may be less likely influenced by contrast 

input function and patient’s hemodynamic status, and more likely to relate to the presence of 

extravascular contrast material than arterial phase.

Our preliminary observations are limited by multiple factors. First, we only assessed a small 

number of patients. Second, chemotherapy regimens that patients received were not uniform. 
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Third, because the CT examinations were performed as a part of clinical follow-up, duration 

of post-chemotherapy CT after the initiation of chemotherapy is not uniform. The optimal 

time to perform CT after the initiation of an anti-tumor treatment is not clear and may 

influence response evaluation [21]. Fourth, there were two different brands of iodinate 

contrast material that was used for our patients, and the amount of iodine is different 

between these two groups who received the different type of contrast material (42 vs. 38.4 

g). However, each patient received the same amount of iodine at both baseline and post-

chemotherapy CT examinations. Injection rate was 4 to 5 mL/s, and could not be exact. 

Therefore, unfortunately, in arterial phase iodine concentration, which would be 

corresponded to the so-called first-pass of a contrast material (i.e., intravascular component 

of iodine), was unable to be evaluated [16]. Finally, we were able to correlate tumor iodine 

uptake change only to anatomical parameters (diameter and volume) and CA19–9 values. 

However, more critical information, response in longer follow-up, and prognosis remain to 

be determined.

In conclusion, iodine uptake by pancreatic adenocarcinoma using DECT may add 

supplemental information for assessment of treatment response, although tumor iodine 

uptake by pancreatic adenocarcinoma is small, and it may be difficult to apply to each case. 

Normalized tumor iodine uptake might be more sensitive than iodine concentration to 

measure treatment response. More data are necessary to confirm these observations.
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Fig. 1. 
Example of tumor segmentation and iodine uptake measurement. Arterial phase CT image 

and iodine overlay image displayed side by side. Automated segmentation was followed by 

manual editing through the entire tumor volume. Tumor was segmented and color displayed. 

Aortic iodine uptake acquired by placing ROI over the aorta was used to obtain normalized 

tumor iodine uptake.

Kawamoto et al. Page 11

Abdom Radiol (NY). Author manuscript; available in PMC 2020 July 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
A 73-year-old woman with unresectable adenocarcinoma of the neck of the pancreas with 

encasement of celiac axis and portal vein/SMV confluence, treated with gemcitabine, 

taxotere, and xeloda. Tumor diameter decreased to 89% of the baseline, tumor volume 53%, 

and CA19–9 10%. A Baseline arterial and B venous phase CT. C Post-chemotherapy arterial 

and D venous phase CT. Tumor iodine uptake and normalized tumor iodine uptake were A 

1.6 mg/mL and 8%, B 2.7 mg/mL and 50%, C 1.0 mg/mL and 7%, and D 1.0 mg/mL and 

29%.
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Fig. 3. 
A 73-year-old woman with unresectable pancreatic adenocarcinoma with encasement and 

occlusion of the portal vein/SMV confluence, treated with FOLFIRINOX. Tumor diameter 

decreased to 85% of the baseline, tumor volume 59%, and CA19–9 47% after chemotherapy. 

A Baseline arterial and B venous phase CT. C Post-chemotherapy arterial and D venous 

phase CT. Tumor iodine uptake and normalized tumor iodine uptake were A 1.0 mg/mL and 

6%, B 1.6 mg/mL and 45%, C 0.4 mg/mL and 3%, and D 1.3 mg/mL and 21%.
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Fig. 4. 
A 47-year-old man with pancreatic adenocarcinoma arising from the pancreatic neck with 

encasement of the celiac axis and common hepatic artery, treated with FOLFIRINOX. 

Tumor diameter decreased to 75% of the baseline, tumor volume 57%, and CA19–9 70%. A 
Baseline arterial and B venous phase CT. C Post-chemotherapy arterial and D venous phase 

CT. Tumor iodine uptake and normalized tumor iodine uptake were A 1.5 mg/mL and 23%, 

B 1.7 mg/mL and 43%, C 1.4 mg/mL and 13%, and D 1.6 mg/mL and 38%. After 

completion of chemotherapy, patient had radiation therapy followed by 

pancreaticoduodenectomy. Pathology revealed 0.5 cm poorly differentiated adenocarcinoma 

in the pancreas and an area of dense scarring associated with large blood vessels, ganglia, 

and nerve trunks without remaining tumor.
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Fig. 5. 
A 65-year-old man with unresectable adenocarcinoma of the body of the pancreas encasing 

the celiac axis and superior mesenteric artery, and extending around the aorta, treated with 

gemcitabine and cisplatin. Tumor diameter was nearly unchanged (98% of the baseline), 

tumor volume mini mally decreased to 88% and CA19–9 70%. A Baseline arterial and B 
venous phase CT. C Post-chemotherapy arterial and D venous phase CT. Tumor iodine 

uptake and normalized tumor iodine uptake were A 1.0 mg/mL and 12%, B 1.1 mg/mL and 

28%, C 0.9 mg/mL and 11%, and D 1.1 mg/mL and 27%.

Kawamoto et al. Page 15

Abdom Radiol (NY). Author manuscript; available in PMC 2020 July 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 6. 
A 75-year-old man with borderline resectable adenocarcinoma of the head of the pancreas 

with borderline vascular encasement, treated with FOLFIRINOX. Tumor size was 

unchanged (tumor diameter 100% of the baseline, tumor volume 98%), and CA19–9 93% of 

the baseline after chemotherapy. A Baseline arterial and B venous phase CT. C Post-

chemotherapy arterial and D venous phase CT. Tumor iodine uptake and normalized tumor 

iodine uptake were A 1.3 mg/mL and 20%, B 1.4 mg/mL and 31%, C 1.4 mg/mL and 12%, 

and D 1.6 mg/mL and 36%.
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Fig. 7. 
A 65-year-old man with unresectable adenocarcinoma of the body of the pancreas which 

encases and occludes the portal vein/SMV confluence, and encases the SMA and celiac axis, 

treated with FOLFIRINOX switched to gemcitabine/abraxane due to poor tolerance. Tumor 

diameter increased to 117% of the baseline, tumor volume 184%, and CA19–9 540% after 

chemotherapy. Peritoneal carcinomatosis with ascites developed on post-chemotherapy CT. 

A Baseline arterial and B venous phase CT. C Post-chemotherapy arterial and D venous 

phase CT. Tumor iodine uptake and normalized tumor iodine uptake were A 1.0 mg/mL and 

9%, B 1.5 mg/mL and 41%, C 1.2 mg/mL and 8%, and D 2.4 mg/mL and 38%.
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