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The emerging role of FDG PET/CT in rectal cancer management:
is it time to use the technique for early prognostication?
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Colorectal cancer is the second leading cause of death and
the fourth most commonly diagnosed cancer in the USA [1].
One form, rectal cancer, defined as cancer growing within
12 cm of the anal verge [2], is challenging because of its
unique anatomical characteristics, critical position and ther-
apeutic options (aimed at preserving pelvic floor integrity,
sphincter continence and genitourinary functions).

General considerations and staging procedures

When a patient is diagnosed with rectal cancer, staging
procedures, performed to evaluate global and specific ther-
apeutic risk, include: complete bowel endoscopy (to identify
possible synchronous tumours), rigid proctoscopy (to estab-
lish the exact level of the lesion), carcinoembryonic antigen
(CEA) test and a full clinical examination (to determine
performance status). Moreover, for a complete evaluation
of the disease, including possible distant metastases, a
contrast-enhanced (ce) CT of the thorax, abdomen and pel-
vis, with administration of oral and IV contrast media, must
also be performed. In some circumstances, rectal wall inva-
sion and the presence of pathologic lymph nodes can be
assessed by endoscopic ultrasound (EUS) and ceMRI of the
pelvis [3]. In a meta-analysis of 90 studies, performed to
compare the clinical performance of EUS, MRI and CT in
rectal cancer staging, Bipat et al. found EUS and MRI to
show similar sensitivity in the diagnosis of muscularis
propria invasion (94 %), while EUS was more accurate in
the evaluation of local tumour invasion (86 vs 69 %); ceCT,
on the other hand, is not considered a gold standard

investigation for evaluating tumour wall penetration. Local
lymph node involvement, which constitutes a major chal-
lenge in rectal cancer staging, can be effectively evaluated
by using all three methods, even though only ceCT and MRI
provide information on distant node status and metastasis
[4]. An advantage of MRI is that it allows better evaluation
of the mesorectum, while a relative disadvantage of EUS is
its relatively high dependence on operator skill.

Pathologic considerations

Histopathologic analysis of resected lesions is also an impor-
tant part of staging, both initial staging and restaging after
neoadjuvant therapy. The final report should contain the fol-
lowing information: a gross description of the tumour burden,
the grade of the cancer, the depth of penetration and invasion
of adjacent structures (T), the number of lymph nodes exam-
ined (not fewer than 10 and ideally between 12 and 18), the
number of metastatic lymph nodes present, if any (N), the
presence of any metastasis to other organs or to non-regional
lymph nodes, the status of margins, the effect of neoadjuvant
treatment and the presence, if any, of lymphovascular inva-
sion, perineural invasion and extranodal cancer deposits [5, 6].
Unlike other colonic segments, the rectum is not or is only
partially covered by the peritoneum: therefore, particular at-
tention should be paid to evaluation of circumferential mar-
gins of resection (CMR). Both in naïve patients and in those
undergoing neoadjuvant chemoradiotherapy (CRT), thorough
assessment of CMR status greatly influences post-surgical
decisions because it is a strong predictor of clinical outcome,
including local recurrence and overall survival (OS) [7–9]. For
this reason, the 7th edition of the American Joint Committee
on Cancer (AJCC) Cancer Staging Manual, in accordance
with the most recent College of American Pathologists
Guidelines, requires that information about pathologic
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response to neoadjuvant CRT be included in the report, indi-
cated with “y”. Many scales for grading response have been
suggested: Rödel et al., for example, proposed a scale of 0 (no
pathologic response) to 4 (complete pathologic response) and
suggested that patients with a complete response [tumour
regression grading (TRG) 4] or an intermediate pathologic
response (TRG 2+3) should be considered “responders”,
likely to have improved disease-free survival (DFS) after
preoperative CRT [10].

Therapeutic options

As mentioned above, the treatment of rectal cancer is par-
ticularly challenging. Because local recurrence is known to
be associated with a poorer prognosis [11], and also because
of the need to preserve locoregional functions, the achieve-
ment of optimal local control through surgical removal of
the tumour, when this is possible, is considered the most
important goal in rectal cancer treatment. Unfortunately,
whereas surgery for local control of disease is more feasible
in colonic segments other than the rectum, allowing clinical
strategies to focus on metastasis prevention, in the rectum,
complete surgical eradication may be impossible, particu-
larly in the case of larger tumours.

Organ-sparing procedures, preserving sphincter and gen-
itourinary functions, should always be preferred but, unfor-
tunately, are not always possible. In locally advanced rectal
tumours (stage II: T3-T4, node-negative with deep muscle
wall invasion and stage III: node-positive without other
metastases), preoperative CRT may result in tumour
downstaging, decreasing tumour bulk, improving tumour
exposure and making sphincter-preserving surgery possible,
especially when initial staging indicates the need for a more
aggressive approach.

Neoadjuvant and adjuvant CRT in resectable rectal
cancer

As indicated, local control of rectal disease can be difficult
to achieve due to the presence of functionally important
structures close to, or involved in, the tumour. Compared
with analysis of pathology specimens, preoperative staging
procedures have limitations and pitfalls, mainly related to
suboptimal diagnostic performances of EUS and ceMRI
(which can miss microscopic extranodal and intramural
tumour deposits) but in some cases related to operator
ability [12]. This suggests that many patients who might
benefit from a neoadjuvant approach could be understaged.
Nowadays, most major guidelines recommend a
neoadjuvant CRT regimen in all cT3 N0 patients; combined
treatment modalities, including fluorouracil-based regimens,

radiotherapy, surgery and adjuvant regimens, are considered
appropriate for the vast majority of stage II/III patients.
There is currently some debate over whether radiotherapy
should be administered before or after surgery. In the
German Rectal Cancer Study, a large, prospective random-
ized study (CAO/ARO/AIO-94 Trial), preoperative CRT
was clearly shown to reduce local recurrences (6 vs 14 %,
p=0.006) without affecting progression-free survival (PFS)
and 10-year OS [13]. Adding chemotherapy to radiotherapy
regimens offers remarkable advantages. Preliminary results
of a phase III trial suggest that adding a chemotherapy
approach to radiotherapy alone can result in better local
control due to significant reductions in tumour size, pTN
stage and lymphatic, perivascular and neural invasion [14].
More consolidated results in this field are provided by the
European Organization for Research and Treatment of
Cancer Radiation Oncology Group (EORTC 22921): their
results indicate that only locally advanced rectal cancer
patients (stage II and III) administered neoadjuvant CRT
that resulted in downstaging of T to T0-T2 (ypT0-2) will
benefit, in terms of DFS and OS, from post-surgical contin-
uation of the same neoadjuvant chemotherapeutic regimen
(fluorouracil-based, with or without leucovorin), compared
with patients who showed minimal or no modification of
their initial staging (ypT3-ypT4) [15]. Another interesting
observation, based on retrospective, non-randomized and
uncontrolled studies, was made by other authors (Habr-
Gama et al. [16] and Glynne-Jones et al. [17]), who postu-
lated a wait-and-see strategy in patients showing a complete
pathologic response (ypT0 in up to 20 % in some series)
after neoadjuvant CRT, an approach that could reduce
surgery-related mortality and morbidity. For the moment,
these latter findings are to be considered purely anecdotal;
the level of evidence is weak and further investigations are
needed just before they can be “translated” into clinical
recommendations for everyday practice.

As we have seen, different staging systems exist for
locally advanced rectal cancer, and a wide range of options
for treating it, associated with variable responses. In this
setting, another important question emerges:

Is there a role for molecular imaging, and in particular
for 18F-fluorodeoxyglucose (FDG) positron emission
tomography (PET)/CT, in the management of rectal
cancer?

According to authoritative guidelines [18], PET/CT scan-
ning is not routinely indicated either in the staging or in the
follow-up of rectal cancer. Conversely, PET/CT is indicated
in the presence of serial CEA elevation and resectable
metastases, in order to identify other localizations and avoid,
as far as possible, “blinded, CEA-directed, laparotomies”

Eur J Nucl Med Mol Imaging (2013) 40:652–656 653



[19]. A recent meta-analysis by Brush et al. produced insuf-
ficient evidence to support the routine use of FDG PET/CT
in primary colorectal cancer, and only a small amount of
evidence supporting its use in the preoperative staging of
recurrent and metastatic colorectal cancer. Moreover, the
same authors performed an economic evaluation and found
that FDG PET/CT, used as an add-on imaging device, is
cost-effective in the preoperative staging of recurrent colon
cancer, recurrent rectal cancer and metastatic disease, but
not in primary staging. They concluded that further random-
ized controlled trials with a concurrent economic evaluation
are probably needed [20].

In 2007 Hindié et al. published an editorial in the
European Journal of Nuclear Medicine and Molecular
Imaging [21] addressing the question of the role of
PET/CT in the management of rectal (and oesophageal)
cancer. They posed some interesting questions: What place
does CRT currently have in the treatment of gastrointestinal
tract tumours? Why might response evaluation by FDG PET
be important in this setting? What is the optimal way to
perform FDG PET, given the limitations of FDG? Has the
time come for “standardization” of PET/CT methods with a
view to starting trials involving PET-based management?
They concluded that response prediction can be essential for
planning and providing optimal therapy and that PET will
have to be incorporated into future trials. Identification of
the optimal PET criteria for response prediction is needed,
and these criteria will need to be harmonized.

In recent years a growing body of evidence has accumu-
lated in the literature, attesting to the increasing importance
of PET/CT in predicting response to therapy and advocating
the use of metabolic imaging in early evaluation of response
to therapy (so-called “interim” evaluation), not only in rectal
tumours. In patients with rectal cancer who receive
neoadjuvant CRT, rates of complete pathologic response
range from 5 to 44 %, while rates of pathologic complete
response of nodal disease in patients with pathologic com-
plete response of the primary tumour range from 0 to 15 %.
Given the possibility of performing “interim” metabolic and
functional evaluation, experts are now beginning to debate
the question of what to do in patients with a pathologic
complete response also demonstrated by FDG PET/CT; it
is still necessary to expose them to the rigours of aggressive
surgery or would a wait-and-see strategy be more appropri-
ate [22]? In an interesting paper, just published in the
European Journal of Nuclear Medicine and Molecular
Imaging, Murcia Duréndez et al. stated that PET/CT is a
reliable technique for assessing response to neoadjuvant
radiochemotherapy (RCT) in locally advanced rectal cancer,
with a view to considering more conservative surgical treat-
ment [23]. It seems clear that interim evaluation by PET/CT
could influence primary local treatment in rectal cancer. But
does it also have a role in early prognosis? In this issue of

the European Journal of Nuclear Medicine and Molecular
Imaging, [24] et al. confirm a role for 18F-FDG PET/CT
imaging in predicting histopathologic response and clinical
long-term outcomes in locally advanced rectal cancer.
Moreover, they demonstrate that a standardized uptake val-
ue (SUV)-based evaluation of tumour metabolism at 5 weeks
after the end of radiotherapy (performed as a part of a
neoadjuvant regimen) is able not only to predict the regres-
sion of tumours in pathology specimens, but also to pro-
spectively identify a strong correlation with patients’ long-
term outcome, between responders and non-responders, in
terms of PFS and OS. In particular, they underline the
prognostic utility, in these patients, of SUV reduction, with
an SUV cut-off of 65 %.

Is the time ripe for SUV-based diagnostic algorithms?

A review of the literature on the possible role of SUVs in
clinical practice is outside the scope of this editorial.
Generally speaking, SUV (maximum SUV, mean SUV, total
glycolytic activity and so on) is a semi-quantitative measure
of tissue glucose utilization in cancer. For this reason, SUV
and SUV modifications have been extensively used in dif-
ferent types of cancer for diagnosis, staging, prognosis and
evaluation of local or distant relapse [24, 25], although the
superiority of SUV versus visual analysis has not always
been demonstrated [26]. Even though higher-grade and less
differentiated tumours are generally associated with higher
levels of FDG accumulation, in diagnostic settings there can
be a significant overlap in SUV values between cancer and
other non-malignant diseases [27]; moreover, the existence
of tumours characterized by low degrees of FDG uptake is
well known [28]. For these reasons, SUVanalysis may have
only a partial role in the diagnostic setting. Conversely,
when a diagnosis of cancer has been established, metabolic
evaluations, even if performed using a relatively non-
specific tracer such as FDG, seem to give the best results.
In this setting, the possibility of having a precise measure of
tumour viability may have important repercussions for the
therapy [29]. Clearly, if a change of therapy is possible, it
could be extremely useful to have a cut-off value of a
metabolic index, such as SUV, that could help in decision-
making. From this perspective, the work of Calvo et al. is
worthy of attention and calls for further, SUV-based and
clinically oriented investigations. We are well aware that the
various problems surrounding SUVs—for example, prob-
lems in SUV calculation and reproducibility, clearly set out
in the European Journal of Nuclear Medicine and
Molecular Imaging editorial [22]—are still far from re-
solved. A partial solution to these problems, as outlined by
Calvo et al. in their work, could possibly lie in correct
standardization of the method and the accumulation of
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experience, by single centres, in order to increase confi-
dence and familiarity with imaging and its clinical
implications.

Conclusion

Methods for the evaluation of tumour burden response
to therapies, giving us the first and unique in vivo
images of tumour viability, are opening a new era in
cancer treatment. We know—and metabolic imaging
provides daily confirmation of this—that every cancer
is different, every patient is different and the final,
sometimes dramatic, conclusion of our patients’ clinical
courses is the result of close interactions, complex and
still only partially understood, between cancer biology,
host behaviour and response to therapies. We trust that
investigation of metabolic changes of tumours will help
us to improve our knowledge of cancer biology and
treatment, with the ultimate aim of curing the individual
patient of his particular cancer and giving him more
life, while reducing side effects and toxicities and mak-
ing the best possible use of economic resources.

“Consider the seed of your generation:
You are not born to live like animals
But to pursue virtue and possess knowledge”
D. Alighieri. Divine Comedy. Hell XXVI 118–120.
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