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Background and purpose: We investigated how features relating to pelvic cavity anatomy and tumor
hemodynamic factors may influence systemic failure in rectal cancer.
Materials and methods: Rectal cancer patients (207 women, 343 men), who had been prospectively
enrolled onto six cohorts and given curative-intent therapy, were analyzed for the first metastatic event.
In one of the cohorts, the diameter of the inferior mesenteric vein (IMV) was assessed on diagnostic
abdominal computed tomography images (n = 113). Tumor volume (n = 193) and histologic response
to neoadjuvant therapy (n = 445) were recorded from diagnostic magnetic resonance images and surgical
specimens, respectively.
Results: More women than men developed lung metastasis (p = 0.037), while the opposite was the case
for liver metastasis (p = 0.040). Wider IMV diameter correlated with larger tumor volume (r = 0.481,
p < 0.001) and male sex (p < 0.001). Female sex was the only adverse prognostic factor for lung metas-
tasis. When sex, tumor volume, and histologic response were taken into consideration, poor tumor
response remained the only determinant for liver metastasis (p = 0.002).
Conclusions: In a diverse rectal cancer population given curative-intent treatment, women and men had
different outcome with regard to the primary metastatic site. Tumor hemodynamic factors should be
considered in rectal cancer risk stratification.

� 2019 The Author(s). Published by Elsevier B.V. on behalf of European Society for Radiotherapy and
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Since the introduction of total mesorectal excision as the stan-
dard surgical technique for rectal cancer, and with the addition of
neoadjuvant radiation for patients with locally advanced growth in
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the pelvic cavity, the local relapse rate is low [1]. However, as
many as 30–40% of patients progress to distant metastasis [2,3].
The liver is the most frequently affected organ followed by the
lungs [4], and metastatic disease, particularly in abdominal cavity
organs, remains the main cause of severe morbidity and poor sur-
vival [5].

For primary tumors of the colon, factors that impact on treat-
ment and outcome have been extensively studied [6–10]. Tumor
sidedness is associated with certain somatic mutations [6,7], and
the molecular subtype of the tumor has been identified as a marker
of etiology and the probability of therapy response [11,12]. For rec-
tal cancer, however, much less is known. An association between
the tumor distance from the anal verge and the propensity for
developing lung or liver metastasis has been suggested [4,13].
While colon cancer and orally placed rectal cancer primarily
metastasize to the liver, probably due to mesenteric venous drai-
nage into the portal vein, cancer located in the lower rectum seems
more prone to primarily spread to the lungs [13].

It was recently shown that the diameter of the inferior mesen-
teric vein (IMV), assessed on computed tomography (CT) scans
from patients with locally advanced rectal cancer before and after
the completion of neoadjuvant chemoradiotherapy, was a surro-
gate marker of the short-term local tumor response to the treat-
ment [14]. In order to elaborate on this finding, we analyzed six
prospective rectal cancer cohorts from Norway and Denmark, cov-
ering stage I–III disease, for any sex differences in metastatic out-
come. In one of the cohorts with available imaging data, we
looked for any association between the IMV diameter and the
development of liver or lung metastasis after the curative-intent
treatment. Our hypothesis was that the IMV diameter may reflect
hemodynamic factors of the tumor micro- and macroenvironment,
including the pelvic cavity anatomy of both females and males,
decisive for the long-term disease outcome in terms of dissemina-
tion to distant organs.

2. Methods

2.1. Patient selection

Five hundred and fifty patients with confirmed, non-metastatic
rectal adenocarcinoma and 11 patients with benign rectal ade-
noma from six prospective studies were included in this post hoc
Fig. 1. The number of included patients in the various cohorts. The patient cohorts
are detailed in the Supplementary Materials. Abbreviations: LCRT, long-course
radiotherapy with or without concomitant or sequential chemotherapy; SCRT,
short-course radiotherapy with or without sequential chemotherapy.
analysis (Figs. 1–3, Supplementary Figs. 1–3). All patients had
undergone rigid rectoscopy for measurement of the tumor distance
from the anal verge as well as thoracic/abdominal CT and pelvic
magnetic resonance imaging as a part of the diagnostic work-up.
The patients were instructed to fast for 4 h prior to the CT scan.
Patients who received neoadjuvant treatment had either short-
course or long-course radiotherapy with or without concomitant
or sequential chemotherapy. Three of the cohorts consisted of
patients who had received study-specific intensified neoadjuvant
treatment that included oxaliplatin (Supplementary Table 1).
Patients with neoadjuvant therapy underwent pelvic surgery after
its completion. The remaining individuals (n = 105) proceeded
directly to surgery. Of the 550 cases, 46 were considered unre-
sectable because of advanced age, comorbidity, or other factors
related to the patient or cancer, and two patients declined surgery
after neoadjuvant therapy due to personal opinions. Patient data
collection and quality control were performed by the first author.
The patient cohorts are detailed with demographic data and
treatment regimens in the Supplementary Materials, including
Supplementary Fig. 1.

2.2. Tumor volume assessment

Tumor volume was calculated by two experienced specialists in
radiology on the majority of patients (n = 193) included in two of
the study cohorts (OxyTarget and LARC-RRP), as described previ-
ously [15,16]. In brief, the tumor was manually contoured on T2-
weighted magnetic resonance images. Whole-tumor volumes were
then obtained by multiplying the cross-sectional tumor area in the
individual slices by the sum of the slice thickness and the slice gap.

2.3. IMV diameter measurement

The portovenous phase contrast-enhanced abdominal CT
images recorded at the time of diagnosis of 113 patients enrolled
in the primary cohort (OxyTarget) were reviewed to measure the
IMV diameter. The IMVwas identified in axial images by first locat-
ing the splenic vein and thereafter recognizing the veins draining
into it. The descending course of the candidate vein was tracked
and when it subdivided into the paired superior rectal veins, with
a distinct pattern on the CT image, it was selected as the IMV. The
image was magnified and the widest cross-sectional diameter of
the vein was measured. The measurements were conducted
blinded to clinicopathological results after training with an experi-
enced abdominal radiologist.

2.4. Assessment of local treatment response

Histologic tumor regression grade (TRG) after neoadjuvant ther-
apy was assessed on the resected tumor specimens according to
local protocols at the different hospitals. Patients included in
cohorts until 2010 were given a TRG between 1 and 5, where 1 rep-
resented complete eradication of tumor cells and 5 no treatment
effect [17]. After 2010, complete response was given TRG 0 and
no treatment effect TRG 3 [18]. The Danish cohort scores spanned
from complete response at TRG 1 to no treatment response at TRG
4 [19]. To enable comparisons across the cohorts with a total of 445
patients given neoadjuvant therapy, all TRGs were converted to the
same scale, spanning from complete response at TRG 1 to no treat-
ment response at TRG 3, in consultation with an experienced spe-
cialist in pathology.

2.5. Statistical considerations

Analyses were performed using IBM SPSS Statistics for Mac ver-
sion 25.0 or GraphPad Prism version 8.0.1. Continuous variables
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were transformed to logarithmic scale to ensure normal distribu-
tion. Groups were compared by Student’s t test. Categorical vari-
ables were compared by Chi-square test. Correlations were
determined by Pearson product correlation analysis. In addition,
multilinear regression analysis was applied to identify the stron-
gest correlations. Follow-up consisted of CT scans and clinical
examinations three months after surgery, followed by every
6 months for two years, and then every year until five years after
surgery. Global distant metastasis-free survival (DMFS) and liver-
and lung metastasis-free survival, respectively, were calculated
from the time of study enrollment to the date of either liver or lung
metastasis, death from any cause, or end of follow-up, whichever
occurred first. Overall survival (OS) was measured from the date
of enrollment to death of any cause or final censoring. Associations
between variables and the survival outcomes were analyzed with
univariable or multivariable Cox proportional hazards models,
and results were presented as hazard ratio with 95% confidence
interval. Determination of optimal cutoff for IMV diameter mea-
sures according to patient outcome, was done by receiver opera-
tions characteristics with equal weight on sensitivity and
specificity. All tests were two-sided. p-values of<0.05 were consid-
ered statistically significant.
3. Results

3.1. Sex

First, we analyzed the impact of female or male sex on out-
come in the six cohorts of 550 rectal adenocarcinoma patients.
There were no sex differences in the global DMFS or OS
(p = 0.95 and p = 0.13, respectively; data not shown). Neither
was there a sex difference in tumor distance from anal verge
(p = 0.78; data not shown). However, men were more prone
to develop liver metastasis (40 in men versus 13 in women,
p = 0.040; Table 1 and visualized in Supplementary Fig. 2), while
women were more likely to develop lung metastasis (27 in
women versus 23 in men, p = 0.037; Table 1 and visualized in
Supplementary Fig. 3). There was no sex difference in possible
confounding factors such as tumor volume (p = 0.68), age
(p = 0.068), or body mass index (BMI, p = 0.34), and men and
women had similar time to surgery after neoadjuvant treatment
(p = 0.57 for the difference).
Table 1
Associations between patient and tumor parameters and development of liver or lung met
Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; IMV, in
neoadjuvant therapy).

Liver metastasis

Univariable analysis n HR (95% CI)

Sex (male as reference) 545 1.93 (1.03–3
Increasing age 545 0.36 (0.09–1
Increasing BMI 225 2.07 (0.18–2
Increasing IMV diameter 102 23.21 (1.06–
Increasing tumor distance from the anal verge 376 0.99 (0.95–1
Increasing tumor volume 189 1.86 (1.20–2
TRG (1 as reference) 315 3.69 (1.66–8

Liver metastasis

Multivariable analysis n HR (95% CI)

Sex (male as reference) 121 2.88 (0.95–8
Increasing tumor volume 121 1.01 (0.61–1
TRG (1 as reference) 121 4.67 (1.76–1

A certain number of patients died or were lost to follow-up without occurrence of a me
explains patient numbers (n) different from the total of 550. In addition, BMI, tumor dis
volume was determined only for selected patients in two of the cohorts. IMV diameter
3.2. IMV diameter

IMV diameter was wider in patients with verified adenocarci-
noma (n = 102) than in those with benign adenoma (n = 11;
p < 0.001) and in men compared to women (p < 0.001; Fig. 2).
Wider IMV diameter correlated with larger tumor volume
(r = 0.444, p < 0.001); also, wider IMV diameter was weakly asso-
ciated with higher BMI (r = 0.188, p = 0.046) and longer tumor dis-
tance from the anal verge (r = 0.205, p = 0.031) but not with age
(Table 2). The rectal tumor distance from the anal verge did not
correlate with tumor volume (r = 0.006, p = 0.94). In multilinear
regression analysis, increasing tumor volume was the only factor
remaining as correlated with increasing IMV diameter (p < 0.001;
Table 2). Receiver operating characteristics analysis identified
IMV diameter of � 5 mm for patients at risk of developing liver
metastasis (area under the curve = 0.70, sensitivity = 1.00, speci-
ficity = 0.43, p = 0.030), illustrated by a significantly better liver
metastasis-free survival for patients with IMV diameter
of < 5 mm (p = 0.007; Fig. 3).
3.3. Outcome

In line with previous research [20–24], larger tumor volume
was associated with worse TRG (p < 0.001), while tumors closer
to the anal verge obtained better TRG (p = 0.008); there was no
association between TRG and the IMV diameter in the 41 sub-
jects with both measures (Table 3). In the six cohorts, men pre-
sented with lower T-stage than women (p = 0.016) and as a
consequence [25], men also obtained better TRG score
(p = 0.008; data not shown). As shown in Table 1, male sex as
well as wider IMV diameter, larger tumor volume, and TRG 2–
3 were associated with development of liver metastasis
(p = 0.040, p = 0.046, p = 0.005, and p = 0.001 respectively;
by Cox proportional hazards analysis). Female sex was the only
adverse prognostic factor for lung metastasis, with a hazard ratio
almost twice as high as for men. In multivariable Cox regression,
TRG 2–3 remained the only adverse prognostic factor for liver
metastasis (p = 0.002), with a hazard ratio higher than 4 com-
pared to the TRG 1 outcome. The IMV diameter was left out
of the multivariable analysis due to small numbers (only mea-
sured in one cohort).
astasis, calculated by univariable and multivariable Cox proportional hazards models.
ferior mesenteric vein; TRG, tumor regression grade (histologic tumor response to

Lung metastasis

p n HR (95% CI) p

.61) 0.040 538 0.55 (0.32–0.97) 0.037

.38) 0.14 538 1.05 (0.22–4.94) 0.95
4.3) 0.56 215 1.75 (0.09–35.0) 0.72
507) 0.046 88 0.13 (0.02–7.52) 0.32
.04) 0.80 370 0.99 (0.94–1.03) 0.57
.87) 0.005 170 0.86 (0.51–1.45) 0.57
.23) 0.001 313 1.09 (0.56–2.10) 0.80

p

.73) 0.062

.68) 0.75
2.4) 0.002

tastatic event or available clinical data varied for the different calculations, which
tance from the anal verge, and TRG were missing for one of the cohorts, and tumor
was determined in only one cohort.



Table 2
Correlations between the inferior mesenteric vein (IMV) diameter and patient and tum
multilinear regression analysis with backward elimination (the rightmost column).

Increasing IMV

n

Increasing age 113
Increasing body mass index 113
Increasing tumor distance from the anal verge 111
Increasing tumor volume 88

Table 3
Associations between tumor regression grade (TRG; histologic tumor response to neoadjuv
abbreviations: BMI, body mass index; SD, standard deviation.

Tumor volume (ccm3) TRG 1
TRG 2–3

Distance from the anal verge (cm) TRG 1
TRG 2–3

IMV diameter (mm) TRG 1
TRG 2–3

BMI (kg/m2) TRG 1
TRG 2–3

Fig. 2. Inferior mesenteric vein (IMV) diameter in OxyTarget study patients. Lines indicate mean group values.

Fig. 3. Inferior mesenteric vein (IMV) diameter and liver metastasis-free survival in
OxyTarget study patients. The difference was calculated by log-rank test.
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4. Discussion

Building on the hypothesis that hemodynamic features related
to the pelvic cavity anatomy may influence failure of rectal cancer
treatment with curative intent, we explored sex differences in out-
come for patients included in six prospective cohorts from Norway
and Denmark. Although no differences were found for the global
DMFS or OS, men were more prone to develop liver metastasis,
while females more frequently developed lung metastasis as the
primary distant site. This is in line with findings in a Swedish Can-
cer Registry report [4]. Moreover, wider IMV diameter correlated
with larger tumor volume, and the IMV diameter was wider in
men. Being female was the only adverse prognostic indicator for
development of lung metastasis. For development of liver metasta-
sis, on the other hand, a poor histologic tumor response to neoad-
juvant therapy was the only adverse prognostic determinant when
male sex and large tumor volume also were accounted for.

We postulated that the IMV diameter on diagnostic CT images
might be a surrogate marker for hemodynamic differences related
to female or male sex. In patients with confirmed adenocarcinoma
or benign adenoma, the IMV diameter was significantly wider in
individuals with cancer and in men, the latter shown previously
or parameters, calculated by Pearson’s correlation (r) analysis supplemented with

diameter

r p p

�0.079 0.41 0.30
0.188 0.046 0.053
0.205 0.031 0.059
0.444 <0.001 <0.001

ant therapy) and patient and tumor parameters, calculated by Student’s t-test. Other

n Mean (SD) p

82 24.47 (31.09)
54 46.48 (47.82) <0.001
157 6.21 (3.93)
144 7.27 (4.50) 0.008
18 5.52 (0.97)
23 5.58 (1.15) 0.93
91 25.07 (3.43)
59 25.74 (4.65) 0.45
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[26]. The diameter correlated strongly with tumor volume, sug-
gesting that a dilated IMV may reflect an increased venous return
from a growing tumor. Further following the findings that wider
IMV diameter was associated with large size of an invasive carci-
noma, our data support the hypothesis that patients who devel-
oped liver metastasis in these cohorts had tumors that drained
into the IMV, but this will need further confirmation.

The results also demonstrated that the IMV diameter had a pos-
itive, albeit weak correlation with the tumor’s distance from the
anal verge, which may indicate less blood load onto the IMV for
aborally placed rectal tumors. Of further note, the direct drainage
into the systemic circulation, via the inferior rectal vein into the
internal iliac vein and vena cava, is often perceived as an explana-
tion of why tumors of the lower rectum often metastasize to the
lungs as the primary organ [27]. The only factor directly associated
with the development of lung metastasis in our cohorts was being
female. The inconsistency of worse TRG result in female patients
who at the same time were less prone to liver metastasis is some-
what puzzling, but could possibly be explained by more treatment-
related acute organ toxicity and the resulting dose reduction in
women, shown to be associated with favorable long-term outcome
[28].

As the IMVmay enlarge along its ascending course when receiv-
ing branches, it is plausible to expect that measurement of its
diameter might partially depend on anatomical variations of
branch vein drainage into the it, adding uncertainty to the results
in this study. Also, the variables included in this study exhibited
great variance in coverage across the cohorts; for example, the
treatment regimens were not uniform, which might have affected
outcome. Still, the IMV diameter is an easily obtainable marker,
accessible at multiple time points during most cancer treatments,
motivating further confirmation of our current findings. Further,
metastatic progression occurred regardless of the variance in the
treatment regimens the patients had received, supporting the the-
ory of dissemination of tumor cells to distant organs at an early
disease stage [29].
5. Conclusion

In this study, we found a possible association between sex and
the primary metastatic site in rectal cancer. Histologic tumor
response following neoadjuvant therapy was strongly associated
with the probability of developing liver metastasis, while female
sex was the only adverse prognostic marker for lung metastasis.
The IMV diameter was associated with tumor volume and the
development of liver metastasis. Liver and lung metastases seem
to be different entities with regard to primary tumor and host biol-
ogy, and should therefore be reported as separate DMFS end points
in clinical studies. We also believe that various aspects related to
the pelvic cavity anatomy and tumor hemodynamic factors should
be further explored in terms of risk factors for distant metastasis in
rectal cancer. This may be particularly important when considering
the implementation of total neoadjuvant treatment in rectal can-
cer, including all neoadjuvant modalities to reduce the risk of
metastatic dissemination [30].
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