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Neural invasion was present in 16 patients and vascular invasion in 15 patients. The demographic data
are displayed in Table 1.
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Table 1
Clinical and tumor characteristics of 82 rectal cancer patients.

Variables N Frequency

Sex Male 52 63%

Female 30 37%

Ethnicity Caucasian 64 78.0%

Afro 4 4.9%

Mixed 13 15.9%

Oriental 1 1.2%

Smoking Yes 42 51.9%

No 39 48.1%

Alcoholism No 55 68.8%

Yes 25 31.3%

Diabetes No 71 86.6%

Yes 11 13.4%

Weight Loss None 24 29.3%

< 10% 23 28.0%

> 10% 35 42.7%

Family History of Rectal Cancer No 59 74.7%

Yes 20 25.3%

Familial Polyposis Yes 0 0.0%

No 81 100.0%

Rectal tumor location Low 49 59.8%

Mid 30 36.6%

High 3 3.7%

Histology Adenocarcinoma 76 92.7%

Mucinous 6 7.3%

ECOG at Diagnosis 0 66 80.5%

1 16 19.5%

Sarcopenia No 67 81.7%
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Yes 15 18.3%

Body Mass Index (BMI) in kg/m2 18.5–24.9 32 39.0%

25.0-29.9 30 36.6%

> 30.0 14 17.1%

< 18.5 6 7.3%

KRAS Mutation No 5 41.7%

Yes 7 58.3%

CEA at Diagnosis (ng/mL) < 5.0 29 37.2%

> 5.0 49 62.8%

Clinical Stage I 10 12.2%

II 13 15.9%

III 33 40.2%

IV 25 30.5%

TxNxM0, Tis, T0N0M0 1 1.2%

Surgery of the Primary Lesion No 23 28.4%

Yes 58 71.6%

Pathologic Stage TisN0M0, TxNxM0 0 0.0%

I 14 24.1%

IIA 14 24.1%

IIB 2 3.4%

IIC 0 0.0%

IIIA 1 1.7%

IIIB 13 22.4%

IIIC 3 5.2%

IVA 7 12.1%

IVB 2 3.4%

T0N0M0 2 3.4%

Tumor Differentiation I 12 14.8%

II 68 84.0%
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monocytes (p = 0.0085) and platelet counts (p = 0.0234) at diagnosis. This risk of death was also
increased in patients with the following characteristics at initial staging: the presence of sarcopenia (p = 
0.0499), lower body mass indexes (p = 0.0082), and M-stage disease (p = 0.0010). All metabolic tumor
burden parameters had a signi�cant relationship with death (tuMTV: p = 0.0096; tuTLG: p = 0.0033;
wbMTV: p = 0.004; wbTLG: p < 0.0001) (Table 2).
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In our study, both whole-body and primary tumor MTV and TLG values were signi�cantly associated with
overall survival and progression-free survival. Rectal cancer tumor volume itself is not a predictor of
overall survival. More important to determine survival is the presence of local invasion and lymph node
metastases, which is elegantly performed with MRI for local staging [27]. However, for the identi�cation
of synchronous tumors and distant metastases in advanced rectal cancer, FDG PET/CT has been
increasingly indicated.

Interestingly, although the association of volume and metabolism had some prognostic power, still
wbTLG and tuTLG played a signi�cantly more important role in rectal cancer prognosis compared to
wbMTV and tuMTV, similar to other tumor types such as lung cancer and lymphoma [28, 29]. In rectal
cancer, it seems that the metabolism of the disease is a more important prognostic indicator than the
volume of the disease.

For example, patients with patients with stages III and IV and low wbMTV had a better outcome (Fig. 4),
whereas early-stage disease (I and II) presenting with a large metabolic volume of the tumor had a dismal
outcome (Fig. 5). The patient example was classi�ed as stage II disease but had high wbMTV on the
staging FDG PET/CT; the patient died after 10 months. Therefore, whole-body metabolic tumor burden
may be more powerful than tumor staging. Likewise, in patients presenting lymph node metastasis
(especially pelvic and abdominal lymph nodes) with low-grade uptake (uptake below the automatic
selection SUVmax threshold), there was no signi�cant change in wbMTV compared to lower-stage
patients and consequently their prognoses were similar to patients without lymph node metastases
although these metastatic lesions lead to upstaging. Contrarily, patients with a highly metabolically
active voluminous primary tumor, even with negative N and M in primary staging, were more likely to
develop worse outcomes compared to patients with tumors that had a low metabolism and volume even
with higher TNM stage.

Patients with mucinous-type tumors and localized disease, in general, present a relatively good prognosis
while the mucinous type tumors with metastatic disease have dismal outcomes, especially when located
in the rectum, because of their poorer response to chemotherapy and radiotherapy compared to
adenocarcinomas [30–34].

Our study showed that mucinous adenocarcinomas had a similar risk of death when compared to non-
mucinous adenocarcinomas (p = 1.0000), despite the low number of patients with the latter histology
type. Although some studies show that mucinous adenocarcinomas tend to be less FDG-avid than
adenocarcinomas [35], we did not see this pattern in our study group. The patients with mucinous tumors
in our cohort presented with highly avid lesions as has been shown in the study by Anjos et al. [36].
Furthermore, a frequent problem encountered in mucinous tumors is a relative delay in diagnosis and
treatment onset [37]. This outcome was seen in our population as there was an elevated risk of death in
patients with mucinous tumors because 6 out of 7 were stage IIIB or IV, with a delay in diagnosis and thus
in treatment onset.
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