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incremental diagnostic information remains unclear. Our purpose was to determine
whether the addition of ceCT to PET/CT results in an appropriate change in the N
or M stage in patients with colorectal cancer.

Abstract

Methods: This was a single centre, retrospective study in a tertiary referral hospital.
Over 9 months, 74 consecutive patients with colorectal carcinoma were referred for
PET with a recent ceCT scan and adequate follow-up were analysed. The N and M
stage of each modality was compared. Management was determined according to
institutional guidelines with incremental impact of ceCT results on management
categorised as appropriate, inappropriate or unchanged, based on pathological
results, clinical or imaging follow-up of discrepant findings.

Results: Of 74 patients, PET/CT and ceCT N and M stages were concordant in 56
patients (76%) but PET/CT and ceCT identified additional abnormalities in 9 cases
each respectively. Of the 18 discordant cases, accepting the ceCT result would have
appropriately changed management in only 2 patients and inappropriately in 1
with most management plans unchanged. When comparing PET/CT and ce(CT,
kappa agreement (95% confidence interval) for N and M stage was 0.58 (0.20-0.95)
and 0.60(0.41-0.79) respectively reflecting moderate agreement.

Conclusions: Whole-body ceCT probably has limited management impact in colorectal
cancer patients who are also undergoing PET/CT and therefore may possibly be omitted
from routine use. Targeted regional MRl or ceCT should, however, be considered based
on clinical suspicion or when high-resolution anatomical information is required for
treatment planning.

Keywords: Colorectal Cancer, PET/CT, Contrast enhanced CT

. © The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
@ Sprlnger Open License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
— provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.


http://crossmark.crossref.org/dialog/?doi=10.1186/s41824-018-0046-y&domain=pdf
mailto:kenneth.yap@alfred.org.au
mailto:kenneth.yap@alfred.org.au
http://creativecommons.org/licenses/by/4.0/

Yap et al. European Journal of Hybrid Imaging (2018) 2:28 Page 2 of 10

Background

Stand-alone, diagnostic contrast-enhanced computed tomography (ceCT) is a
widely-used imaging modality in oncology and represents the current standard of care
for staging and restaging colorectal cancer (CRC). '®E-Fluorodeoxyglucose positron
emission tomography (FDG-PET) is a functional imaging modality increasingly utilised
in managing oncology patients. Both modalities can assess potential sites of metastatic
spread. In rectal cancer, FDG-PET/CT has been shown to be sensitive for detection of
distant metastases (M-stage) (Davey et al., 2008) with fewer false-positive results than
CT, especially in the post-treatment setting. In a meta-analysis of restaging of CRC pa-
tients, PET has been shown to be more accurate than ceCT (Gambhir et al., 2001) and
there is also some evidence that the non-contrast, co-registered CT from PET/CT pro-
vides further incremental value towards the interpretation of the FDG-PET study
(Kamel et al., 2004).

In our facility, PET/CT is widely used for primary staging, therapeutic response as-
sessment and restaging after definitive treatment or at suspected relapse of CRC. Most
often, this is done as a stand-alone procedure without ceCT, particularly in the re-
staging setting. Although some clinicians still request ceCT, which increases both cost
and radiation burden. The incremental diagnostic value of this additional ceCT to
FDG-PET/CT is unclear in this context and in several oncological settings. For ex-
ample, in lymphoma, there are several studies that suggest the limited incremental
benefit of ceCT (Freudenberg et al., 2004; Schaefer et al., 2004; Chalaye et al., 2014).

Therefore, our aim was to determine whether the addition of ceCT to FDG-PET/CT,
when requested by the referring clinician for restaging of CRC patients, resulted in a
change in the N or M stage of the patient and the implications of such changes for pa-
tient management according to institutional guidelines.

Methods

In accordance with the Declaration of Helsinki and as part of an institutional
ethics-approved protocol (PMCC 02-51) investigating the impact of PET/CT on pa-
tient management, 385 consecutive CRC patients who were referred for PET/CT at a
tertiary referral cancer hospital for staging, restaging or therapy response assessment
over 9 months from Jan 2010 were retrospectively reviewed in this study. Patients who
were imaged after neoadjuvant treatment were classified as restaging. Patients referred
for staging were not included in the analysis. Of these, 91(24%) had diagnostic
contrast-enhanced CT scans; 86 encompassing chest to pelvis and 5 limited to coverage
of all areas of PET/CT abnormality. All ceCT were performed within 8 weeks of PET/
CT scanning.

PET/CT studies were acquired on a Discovery 690 or STE (GE Medical Systems, Mil-
waukee, USA) or Biograph 64 with TruV (Siemens Medical Systems, USA). Activities
based on patient weight (285-370 MBq) were administered intravenously following a
minimum of four-hour fast. The non-contrast CT scan parameters were helical mode
acquisition, 140 kVp, 80 mAs and 3.27 mm slice thickness reconstruction. The
FDG-PET scan parameters were same axial scan length as the CT scan (skull base to
the proximal thighs), arms fully abducted unless limited by patient compliance, acquisi-
tion in 2-D or 3-D mode depending on the patient’s weight (5-min acquisition time per
bed position), iterative reconstruction using order-subset estimate maximisation
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algorithm. Images were reviewed using True-D software (Siemens), interpreted using
qualitative criteria and reported as negative or positive for malignancy with further def-
inition of local tumour, nodal and distant metastatic disease. Negative results were de-
fined if no FDG uptake beyond normal physiological activity or mediastinal blood pool
was identified, and positive if FDG uptake beyond normal physiological activity with
the pattern of uptake suggestive of CRC. As per our usual clinical practice,
semi-quantitative analysis of all PET-positive lesions was not routinely performed ex-
cept when validating the qualitative impression of a partial metabolic response to
therapy.

ceCT studies were acquired as dedicated CT scans on either a stand-alone or com-
bined PET/CT system (Definition AS plus CT or Biograph 64 PET/CT, Siemens Med-
ical Systems, USA). Patients fasted for a minimum of 4 hours, oral and intravenous
contrast was administered using Omnipaque 300, 100 ml (rate of 3 ml/s). Apart from
patients with limited scans, scans encompassed the lung apices to the pubic symphysis.
CT scan acquisition parameters were helical mode, rotation time of 0.5s using Care
kVp/mAs modulation and reconstructed slice thickness of 0.625 mm. Images were re-
constructed on lung and soft tissue windows, in axial and coronal planes, and reviewed
on a Siemens PACS workstation.

FDG-PET/CT and ceCT reports were retrospectively assessed with N and M stage re-
corded based on the American Joint Committee on Cancer TNM staging system (7th
edition) and compared. If discrepant, the medical notes were reviewed using composite
end-points of histology, clinical follow-up, CT or PET/CT follow-up imaging to deter-
mine their nature. Management impact was determined following review of clinical
notes and imaging findings by an experienced staff colorectal surgeon who retrospect-
ively determined the management based on clinical setting and the PET/CT results,
and further determined if the ceCT findings would have had any anticipated additional
impact on management. The anticipated impact was categorised as no change, appro-
priate or inappropriate change in management according to institutional treatment
guidelines.

Chi squared test was used to compare ratios with p < 0.05 considered statistically signifi-
cant. Kappa statistical agreement for N and M classification between PET/CT and ceCT
was determined. Kappa scores were interpreted as <0.00 (poor agreement), 0.00-0.20
(slight agreement), 0.21-0.40 (fair agreement), 0.41-0.60 (moderate agreement), 0.61—
0.80 (substantial agreement), 0.81-1.00 (almost perfect agreement) (Landis et al., 1977).

Results

Of 91 patients, 8 patients were excluded for lack of sufficient follow-up to assess the
validity of the imaging results. Of these 8 patients, PET/CT and ceCT were concordant
regarding N and M stage in 3 cases, PET/CT identified abnormalities not apparent on
ceCT in 2 cases, ceCT detected additional abnormalities not seen on PET/CT in 3
cases. While these 5 patients with discordant imaging findings may have affected the
results, we feel that the effect is likely to be minimal due to the small and similar
number of these patients present in each discordant group. A further patient (dis-
cussed below) was excluded from the statistical analysis as PET/CT showed a lung
lesion that was subsequently demonstrated to be a primary lung cancer rather than
metastatic CRC.
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Of the remaining 82 patients, 8 studies were performed for initial staging (and ex-
cluded from analysis) and 74 for restaging. The median age of the patients was 62 (33—
88) years. There were 46 males and 28 females (M:F ratio 1.64:1). The ceCT scan was
performed prior to, or on the same day as the PET scan in 69 (93%) patients (21 and
48 cases respectively). Of the 74 patients, N and M stages on PET/CT and ceCT were
concordant in 56 patients (76%). Of the 18 discordant cases, follow-up clarification oc-
curred over a median period of 3 months (0—16 months) and the true or false positivity
of the discordant findings were clarified based on follow-up in the following respective
cases: histology (8 cases), ceCT (1 case), MRI (2 cases), PET/CT (5 cases), clinical re-
view (2 cases). However, PET/CT identified incremental abnormalities in 9 cases with 6
apparently true positive and 3 false positive (Tables 1 and 2, respectively) while ceCT
found incremental abnormalities in 9 cases with 4 apparently true positive and 5 false
positive (Tables 3 and 4, respectively). Thus, overall, 91% (67/74) patients would have
been correctly evaluated by PET/CT without reference to the ceCT. Had the true posi-
tive incremental PET/CT findings in Table 1 been ignored in favour of the negative
ceCT findings, it would have led to inappropriate management in 5/6 patients whereas
in those with incremental findings on ceCT (Tables 3 and 4), inappropriate and appro-
priate management changes would have been anticipated in 1 and 2 patients respect-
ively. Thus, ceCT did not provide any net incremental benefit in selecting appropriate
management compared to the PET/CT findings alone. When comparing PET/CT and
ceCT, kappa agreement (95% confidence interval) for N and M stage was 0.58 (0.20—
0.95) and 0.60(0.41-0.79) respectively reflecting moderate agreement.

Discussion

Non-invasive imaging plays a critical role in the staging and especially, restaging of pa-
tients with CRC. This role was initially and is still frequently assigned to ceCT. How-
ever, with the advent of FDG-PET and subsequent PET/CT, these patients are
increasingly evaluated with this modality preferentially. Nevertheless, a proportion of

Table 1 Summarised ceCT results in discordant cases with incremental PET/CT abnormalities that
were likely true positive

Case PET/CT finding ceCT finding Followup Anticipated impact of
ceCT on management

1.1 (Fig. 1) Bony FDG avid lesions No metastases False negative. (Repeat PET/CT ~ No change
scan 5 months later showed
progressive bone metastases)

1.2 Common iliac nodal No metastases False negative. No change
FDG uptake (Repeat PET/CT 13 months later
showed progression of nodal
disease)
13 Peritumoural nodal No metastases  False negative. (N2 metastatic No change
FDG uptake disease on histology at primary
resection).
14 FDG avid peritoneal No metastases  False negative. (Metastasis No change
nodule confirmed at surgery)
1.5 FDG avid bone No metastases  False negative. No change
metastasis (Excisional biopsy positive for
metastatic disease).
16 FDG avid liver No metastases  False negative. No change
metastases (MRI 2 months later showed

further liver metastases)
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Table 2 Summarised ceCT results in discordant cases with incremental PET/CT abnormalities that
were likely false positive

Case PET/CT finding ceCT finding Followup Anticipated impact
of ceCT on
management

2.1 N2 locoregional nodal minimal Locoregional Locoregional nodes excised, No change

FDG uptake and M1 distant and distant negative for metastases but
nodal FDG uptake nodes up to performed 2 months after PET and
max 10 mm. in context of marked pathological
response in previously bulky
primary
2.2 Minimal residual uptake in one No liver lesions In context of marked regression of No change
lesion with resolution of other prior multifocal disease likely
liver lesions reflected minimal residual disease.

Repeat PET/CT 5 months later: no
FDG avid liver lesions

23 FDG avid lung lesion thought  Lung lesion, no Following excision: Lung lesion No change
malignant and axillary nodal axillary nodal  positive for metastasis, axillary
lesion thought equivocal for lesion seen lesion was reactive

metastasis or inflammation

patients still have both studies with consequent increase in radiation exposure, overall
healthcare cost, as well as the logistic inconvenience of attending both episodes unless
done as part of a combined procedure. In our facility, only 24% of all patients referred
for an FDG-PET/CT had ceCT requested by their managing clinician.

In those patients in whom ceCT was requested, no incremental information was pro-
vided in 76% (56/74). Further, 91% (67/74) patients would have been correctly evalu-
ated by PET/CT without reference to the ceCT. There were 4 (5%) cases (Tables 3, 4
cases including 2 cases who had neoadjuvant chemotherapy were for restaging) where
PET/CT was false negative at a site of residual structural abnormality on ceCT. All in-
volved PET/CT scans were performed early after neoadjuvant chemotherapy (Table 3,
cases 2.3 and 2.4) or chemoradiotherapy (Table 3, cases 2.1 and 2.2) and indicated a
complete metabolic response. We have demonstrated that a complete metabolic

Table 3 Summarised ceCT results in discordant cases with incremental ceCT abnormalities that
were likely true positive

Case PET/CT finding ceCT finding ~ Followup Anticipated impact
of ceCT on
management

3.1 Complete metabolic Improved but  True positive. No change

response in liver persistent liver  (Small volume residual viable
metastases 2 weeks post-6  lesions (largest tumour in hepatic resection)
cycles of chemotherapy 13 mm)

32 No abnormal FDG uptake in Peripancreatic Repeat PET 2 months later, Appropriate

peripancreatic nodal mass  mass (37 mm)  peripancreatic nodal mass change

became FDG avid.
(Original PET performed

1 month post completion
of chemoradiotherapy)

33 No abnormal FDG uptake Locoregional  Histology of resected primary showed No change
nodal disease  locoregional nodal disease (PET

(NT) performed post neoadjuvant
chemotherapy).
34 No metastases Locoregional  Nodes positive for metastases on No change
nodal disease  primary excision specimen. (PET
(NT) performed post neoadjuvant

chemoradiotherapy)
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Table 4 Summarised ceCT results in discordant cases with incremental ceCT abnormalities that
were likely false positive

Case PET/CT finding  ceCT finding Followup Anticipated impact of
ceCT on management

4.1 No metastases  Liver metastasis Post-chemotherapy scans. Appropriate change®
Microwave ablation to liver
after scans. Followup PET 13
months later: negative for
metastases. Clinical follow up
3years later: well

4.2 No metastases  Necrotic right external Post-chemoradiotherapy. Inappropriate change
(Fig. 2) iliac nodes: Interval Following excision: nodes

decrease in size negative for metastasis.
43 No metastases  Left paraaortic node Repeat CT 39 months later: No change

suspicious for metastasis ~ node stable in size, CEA
undetectable

44 No metastases  Left upper quadrant Clinical follow up 1.5 months No change
omental deposit later: no evidence of
metastases
45 No metastases  Equivocal change in MRI showed improvement in No change

known penile metastasis  penile metastasis

2confirmed by histology

response (CMR) in this setting is associated with an excellent prognosis (Kalff et al.,
2006; Yeung et al., 2011). In our surgical oncology practice, surgery after neoadjuvant
treatment is planned on the basis of baseline staging, including MRI of the primary, if
rectal, and liver. In this context, restaging FDG-PET/CT is performed prior to resection
of the primary or limited metastatic disease purely to exclude chemorefractory disease
or progression of disease beyond the prior sites of involvement, particularly at
extra-hepatic sites, which would, in most cases, preclude attempted curative surgery
and significantly alter the surgical approach. Accordingly, the presence of residual ceCT
abnormality in the context of a CMR has little or no impact on management in our
centre. Indeed, in only 1 case was active management delayed by a false-negative
FDG-PET/CT result. In this case, follow-up FDG-PET/CT confirmed recrudescent dis-
ease in residual peri-pancreatic nodes. In the remaining cases, only microscopic re-
sidual disease was identified. It is actually unlikely that ceCT identified these foci but
rather the presence of residual morophological abnormality related to regressing

Fig. 1 Case 1.1 - Example of discordant case where PET appropriately changed management. FDG avid
bone metastasis in left iliac bone (left panel) not seen on diagnostic CT (right panel)
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Fig. 2 Case 4.2. Example of discordant case where CT led to inappropriate treatment. Right external iliac
nodes on diagnostic CT (right panel) which show no FDG uptake on PET (left panel). More extensive
resection performed of presumed nodal disease, which was negative for metastasis

_

metastases. Conversely, 5 out of 6 cases with incremental abnormalities on PET/CT
compared to ceCT, the FDG study had a significant management impact, including 4
cases of unrecognised distant metastatic disease and 1 case of pelvic nodal metastatic
disease. There were, however, 3 patients where the PET/CT findings suggested residual
or metastatic disease that were negative on ceCT and which were subsequently demon-
strated to be true negative on follow-up. These lesions had minimal FDG uptake and
were thought to be of equivocal significance rather than unequivocally positive on
PET/CT as the prior PET/CT were significantly positive in these areas for 2 of these
cases. In these 3 patients, the addition of ceCT was also not anticipated to result in a
change in management. In contrast, there were 4 that were thought to have distant me-
tastases on ceCT that were true negative on FDG-PET/CT, and if PET/CT had not
been performed in these patients, inappropriate management could have resulted. PET/
CT also detected an incidental lung cancer in another patient excluded from analysis.

When comparing these findings to the available literature, there are limited similar
studies available to date. The evolution of PET with the addition of non-contrast CT
significantly increases the overall accuracy of the modality in the evaluation of a variety
of malignancies including CRC (Kamel et al., 2004; Engledow et al., 2009). In our study,
additional disease was correctly identified by PET/CT in 8% (6/74) of patients. This
rate is slightly lower than a study by Kong et al. (Kong et al., 2008), which compared
PET/CT with ceCT in patients with suspected but potentially operable CRC liver me-
tastases. In their study, PET/CT demonstrated unexpected extrahepatic disease in 17%
(11/65) of patients resulting in management change. The lower rate of incremental
PET/CT findings in our series may reflect the timing of scans relative to chemotherapy
with several of our false negative studies based on pathology representing post-treatment
scans that failed, as expected, to detect residual microscopic disease.

The incremental value of the ceCT, thus, possibly does not justify the additional radi-
ation exposure and potential toxicity of contrast administration. Hence in patients who
are unable to undergo contrast administration due to renal impairment or iodine al-
lergy, these patients may be adequately assessed by PET/CT as our data suggests that
routine additional ceCT assessment probably provides no significant incremental bene-
fit beyond PET/CT assessment. Moulton et al. (Moulton et al., 2014) demonstrated that
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in CRC patients with potentially resectable metastatic disease, the use of PET/CT re-
sulted in an 8.0% change in surgical management compared to patients who had CT
alone. In that study, of the patients who were randomised to and received PET/CT im-
aging, 58% of the PET/CT results were concordant with ceCT findings. In contrast,
76% of patients in this study were concordant. Some of this difference may relate to the
population assessed by Moulton et al. being mainly assessed at primary staging whereas
our study predominantly involved therapeutic response or restaging studies. Neverthe-
less, the findings by Moulton et al. would support our conclusion that performing both
ceCT and PET/CT in the same patient would seem unwarranted. Our findings suggest
that imaging with PET/CT alone is probably the preferred single modality and that
there is probably minimal or no additional clinical benefit of undergoing a diagnostic
CT if a PET/CT has already been performed.

In this study, the only situation in which ceCT appeared to provide more information
than PET/CT, was in the assessment of regional nodal status in the post neo-adjuvant
treatment setting. However, detection of nodes in this setting has no significant impact
on planned surgery or subsequent patient management. In general, locoregional nodal
assessment by MRI rather than ceCT is probably the better (Kim et al, 2000;
Al-Sukhni et al., 2012; Dewhurst et al., 2012; Glynne-Jones et al.,, 2014) and preferred
imaging modality in the setting of primary staging of rectal cancer (Brown et al., 2003)
and possibly also for colorectal malignancy.

Limitations

This retrospective analysis reflects routine clinical practice within a facility in which
there is large experience amongst referring and imaging specialists in using FDG-PET/
CT in CRC. The majority of the patients were imaged for restaging with only a minor-
ity of patients referred for ceCT, there is potential for pre-test selection bias that may
have influenced its apparent performance in the group who were. However, it would be
expected that such a bias would be towards referring patients with a high pre-test like-
lihood of disease, which would diminish the incremental value of PET-CT.

As the readers of each modality at the time of clinical reporting were not blinded to
the results from the other modality this might have biased the degree of concordance
between the 2 modalities. However, correlation of findings between modalities is re-
flective of best practice in today’s current multimodality cancer imaging environment.

As some of the ceCT was performed after PET/CT, there may have been potentially
some post-test referral bias. While the exact timing of when each modality was re-
quested compared to the other is not available, it is noted however that as the date of
the ceCT was performed a day or greater after PET/CT in only 7% (5/74) of the cases,
this bias, if any, is presumed to be small.

Management change was determined retrospectively, which may have biased results.
However, it is not difficult to determine management change as treatment pathways for
CRC are well established in our institution.

Histological correlation to confirm malignant or benign disease was not performed in
all patients and in some patients follow-up was based on a repeat FDG-PET/CT scan,
which may have led to an ascertainment bias in the results. While pathology is consid-
ered the gold standard, follow-up imaging may provide sufficient evidence in the
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appropriate clinical circumstance, the pattern of progressive metabolically active lesions
is highly likely to reflect progressive metastases. Conversely, in 5 patients, where there
had false positive ceCT findings, additional pathological correlation beyond surgery that
was already planned was only performed in 1 patient. Treating units are often reluctant
to subject these patients to invasive investigations to histologically confirm benignancy
in ceCT-identified but metabolically-inactive lesions.

While not specifically examined in this study, newer PET/CT cameras are able to ac-
quire PET with co-registered CT at essentially diagnostic quality with substantially re-
duced radiation doses.

Conclusion

In evaluating patients with CRC, our data indicate that whole body diagnostic CT may
possibly be omitted in patient who are also undergoing PET/CT, as it provides probably
no significant incremental value in treatment selection. However, to obtain comprehen-
sive and accurate imaging information, we would still consider supplementing whole body
PET/CT with targeted regional imaging with MRI (Kim et al,, 2011) or contrast-enhanced
CT based on clinical circumstances, suspicion or when high resolution anatomical infor-
mation is required for targeted investigation, to resolve equivocal FDG-PET/CT abnor-
malities (Hicks et al., 2006), treatment planning or response assessment. We believe this
to be an efficient use of the complementary strengths of each modality.
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