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Abstract

Purpose: To identify clinical predictors of recurrence of colorectal cancer after
curative surgical treatment. Methods: Retrospective follow-up-study of 925
consecutive patients treated with RO-resection for colorectal cancer Stage I, II
and III from 1990 until 2000 with a mean follow-up of 60 + 37 months. Predic-
tors for cancer recurrence were identified in a pilot-sample of these patients,
followed by analyses of the rest of the patients (test-sample), and finally with a
concluding analyses of the entire patient group. Data were analyzed with Pear-
son Chi-square test (’), Cox regression analyses and log rank test. Results:
Tumor stage (Stage I: HR 0.10 (0.05; 0.19), Stage II: HR 0.31 (0.24; 0.41)) and
postoperative reoperations due to complications due to other causes than anas-
tomotic leakage (HR 2.02 (1.21; 3.36)) were significant predictors of cancer re-
currence in the multivariate Cox regression model. The association between
reoperations and recurrence was strongest for the patients with the best prog-
nosis: Stage I and Stage II-cancers. Long duration of surgery, strongly associated
with blood-loss and infusions of liquid and blood-products, reoperation due to
anastomotic leakage as well as right colon/transversum localization were signif-
icant at a trend-level (10%). Conclusions: Tumor stage and reoperations due to
postoperative complications other than anastomotic leakage are significant pre-
dictors for recurrence after curative surgery for colorectal cancer.
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Complication

1. Introduction

Cancer recurrence occurs in about 30% of patients after curative resection for
colorectal cancer [1]. The main predictor for recurrence and survival is the tu-
mor stage at the time of surgery. Previous studies have identified several possible
additional factors associated with recurrence. Patient factors, like intake of coffee
and alcohol, smoking, weight-loss and Glascow Prognostic score [2] [3] [4] [5]
[6], treatment factors like surgical experience and technique [7] [8], tumor fac-
tors like location, differentiation, vein-, nerve- and lymphatic ingrowth [9] [10]
and molecular factors [11] [12] [13] [14] have been shown to influence cancer
recurrence, and adjuvant oncological therapy is often recommended. In the
present study, we have taken interest in what consequences repeated or aggra-
vated inflammatory stress will inflict on the patient and influence the risk of re-
currence after potential curative resection of colorectal cancer.

We have selected clinical parameters related to repeated or exaggerated in-
flammatory stress, which are available at all institutions. Previous case reports
have suggested that sites of inflammation and traumatized tissue are more sus-
ceptible for cancer cell deposits and growth than other sites; a phenomenon
named “inflammatory oncotaxis” [15] [16] [17]. The aim of the present study
was to define the independent predictive value of each of these parameters:
emergency resection due to bowel obstruction, tumor perforation, exaggerated
blood loss/transfusions and postoperative complications in need of reoperation.
So far few studies evaluated which of these potential parameters is the most pre-
dictive.

In this time period, adjuvant chemotherapy for stage III colonic cancers and
preoperative radiotherapy for rectal cancers with tumors near the circumferen-
tial margin for resection was not routinely used, and very few patients (<5%) re-
ceived these treatment modalities in our study. Thus, we have the opportunity to
investigate the influence of clinical factors without the need to correct for these
treatment modalities. The hypothesis in the present paper is that exaggerated or

repeated inflammatory stress will promote cancer recurrence.

2. Materials and Methods

1285 consecutive unselected patients admitted with colorectal cancer at Haukel-
and University Hospital, Norway, from January 1990 until January 2000, were
included in the present retrospective observational study. To obtain a group of
patients with verified R-0-resection, patients with stage IV-tumor, non-resected
patients, patients who died in hospital, R1- or R-2-resceced patients, and pa-
tients lost to follow-up were excluded, leaving 925 patients for the study (Figure

1). The patients were routinely followed-up for five years with ultrasonography

DOI: 10.4236/jct.2017.812095

1108 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2017.812095

0. Rpkke et al.

All patients: n=1285

Stage IV: n=233

Tumor not rescected: n= 73

Dead in hospital stage I, 11, III: n= 25

R1 or R2-rescections: n=12

Metastase-status not known: n=17

Lost to follow-up

Patients in study: n=925

Figure 1. Patients included in the study: Consort Diagram.

of liver, plain x-ray of thorax, measurement of level of Carcinoembryonic anti-
gen (CEA), rectoscopy after rectal cancer surgery and clinical examination three,
six, twelve, eighteen, twenty-four, thirty-six, forty-eight and sixty months (co-
loscopy at sixty months) after surgery, and thereafter admitted to the hospital on
demand. Mean follow-up time was 60 months. The criteria for diagnosis of re-
currence or distant metastases included histological confirmation, palpable dis-
ease or disease revealed by radiological studies with subsequent clinical progres-
sion and supportive biochemical data, especially rise in Carcinoembryonic anti-
gen (CEA). Local recurrence was defined as any tumor recurrence in the field of
resection, most commonly pelvis or perineum. Distant metastases were defined
as any tumor recurrence outside the localization of the previous tumor, includ-
ing metastases to the liver, lung, brain bone and abdominal cavity.

Clinical factors of interest were gender, age, localization of tumor, indication
for surgery (acute or planned operation), surgeon’s experience, perforation of
tumor (pre-or per-operative), duration of surgery, blood loss, infusion of blood
and fluids, tumor-stage (TNM), postoperative complications and reoperations.
Two categories of reoperations were defined: reoperations due to anastomotic
leak (n = 22/2.4%), and reoperations due to other causes(n = 41/4.4%): wound
deschise (n = 12), bowel obstruction (n = 8), bleeding (n = 7), intraabdominal
abscess (n = 3), deviating stoma (n = 3), revision of colostomy ( n = 2), removal
of packing (n = 2), splenectomy (n = 1), bowel-resection (n = 1), revision of
pressure wound (n = 1), embolectomy in the lower limb (n = 1). We did not in-

clude specific biochemical parameters or tumor characteristics in the present
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Table 1. Association between duration of surgery, peroperative bleeding, and volume of
liquids- and blood-infusions.

Spermans’s rho 2 3 4
Duration of surgery 1 0.529* 0.349* 0.482*
Bleeding 2 0.636* 0.402*
Peroperative blood transfusions 3 0.281*
Peroperative fluid infusion 4

*p < 0.01 (two tailed).

multivariate analyses, but some tumor characteristics are presented for the sake
of comparison with other studies. Perioperative blood-loss, blood-transfusions,
and intravenous fluid transfusions were not included as specific factors in the
multivariate model, as they were all highly correlated with duration of surgery,

which was selected as an indicator for all these factors (Table 1).

Statistical Analyses

Demographic and clinical characteristics are presented as mean and standard
deviation (SD) or frequencies and percentages. Student’s t-test or Pearson’s
Chi-square test (y*) were used as appropriate for comparison of groups of pa-
tients. The association between cancer recurrence and a number of potential
predictors and confounders was assessed by Cox regression analysis. As there
were several surgeons performing the operations, intra-surgeon correlations
were assessed by intra-class correlation coefficient, however no such correlations
were found and thus no adjustments were needed.

When assessing predictors, a data splitting approach was applied to avoid hy-
pothesis fishing in the dataset [18]. According to this approach, the data were
split into two parts. The first part (Pilot) was used to search for significant pre-
dictors in a univariate model, and then construct a multivariate Cox regression
model containing only significant and/or clinically important predictors. A for-
mal hypothesis testing was then performed in the second part of the data set
(Test). A 5% level of significance was used and only the results with p-values be-
low this limit were accepted as significant, regardless of significance level in the
pilot part. Finally, analyzes were performed on the entire data set. Proportional
hazards assumption was assessed by the correlations between the ranking of in-
dividual time of metastases and Schoenfeld’s residuals generated from a multiva-
riate Cox regression model for each covariate. The results were presented as ha-
zard ratios (HR) with the corresponding 95% confidence intervals (CI) and
p-values. The effect of tumor stage and reoperations on cancer recurrence was

tested by a log-rank test and illustrated using Kaplan-Meyer-plots.

3. Results

There were 455 men (49.2%), 470 women (50.8%), mean age 70.2 years (+11.6
years). 348 patients (37.6%) had no previous medical history, whereas 62.4% had
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either cardiovascular disease (39.4%), pulmonary disease (4.4%), renal disease
(0.3%), others (15.5%) or combination of these (1.5%). A planned operation was
performed in 787 patients (85.1%), whereas 138 patients (14.9%) needed acute
surgery for bowel obstruction, perforation or bleeding. Tumor perforation was
diagnosed in 68 patients (7.4%), 14 of these (1.5%) occurred during surgery. The
tumor was located in colon in 574 patients (62.1%), whereas 351 patients

(37.9%) had rectal cancer (Table 2). Table 3 shows tumor characteristics and

Table 2. Patient characteristics, N = 925.

Parameter No metastases Metastases p-value
Age mean (SD) 70.9 (11.4) 68.1 (11.9) 0.001
Sex n (%) 0.413
Male 327 (71.9) 128 (28.1)
Female 349 (74.3) 121 (25.7)
Comorbidity n (%)* 0.143
None 234 (68.4) 110 (31.6)
Cardiovascular 277 (76.1) 87 (23.9)
Pulmonary 30 (73.2) 11 (26.8)
Renal 2 (66.7) 1(33.3)
Combinations 10 (71.4) 4 (28.6)
Others 113 (79.0) 30 (21.0)
Indication n (%) 0.002
Acute surgery 86 (62.3) 52 (37.7)
Planned surgery 590 (75.0) 197 (25.0)
Perforation of tumor n (%) 0.029
No 635 (74.1) 222 (25.9)
Pre-operative 34 (63.0) 20 (37.0)
Per-operative 7 (50.0) 7 (50.0)
Operation time mean (SD)** 133.9 (54.0) 148.0 (48.2) <0.001
Location n (%)***
Colon 0.532
Coekum 80 (72.7) 30 (27.3)
Ascendens 126 (77.8) 36 (22.2)
Transversum 42 (80.8) 10 (19.2)
Descendens 52 (75.4) 17 (24.6)
Sigmoid 124 (71.3) 50 (28.7)
Rectum 0.130
Upper 1/3 101 ( 76.5) 31 (23.7)
Middle 1/3 77 (68.1) 36 (31.9)
Lower 1/3 69 (65.1) 37 (34,9)
Surgeon n (%) 0.799
Resident 123 (71.1) 50 (28.9)
Fellow 291 (73.3) 106 (26.7)
Consultant 262 (73.8) 93 (26.2)

*13 missing; **17 missing; ***10 missing: tumours in both colon and rectum.
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Table 3. Tumor characteristics, N = 925.

Parameter No metastases Metastases p-value
Tumor type* n (%) 0.021
Ulcerative 350 (70.5) 142 (29.5)
Vegetative 175 (81.0) 41 (19.0)
Strictur 73 (67.0) 23 (24.0)
Mixed 62 (68.9) 28 (31.1)
Tumor differentiation** n (%) 0.274
Highly 132 (75.4) 43 (24.6)
Medium 397 (73.2) 145 (26.8)
Low 42 (64.6) 23 (35.4)
Not defined 89 (77.4) 26 (22.6)
Tumor stage n (%) 0.001
Stage I 128 (92.8) 10 (7.2)
Stage II 398 (80.4) 97 (19.6)
Stage ITA 382 (82.2) 83 (17.8)
Stage IIB 6 (66.7) 3(33.3)
Stage IIC 10 (47.6) 11 (52.4)
Stage III 150 (51.4) 142 (48.6)
Stage IITA 5(71.4) 2(28.6)
Stage I1IB 134 (53.6) 116 (46.4)
Stage IIIC 11 (31.4) 24 (68.6)

*41 missing; **28 missing.

stage. The tumor showed ulcerative growth in 482 patients (52.1%), vegetative
growth in 216 (23.4%) and stricturing growth in 90 patients (9.7%). 175 patients
(18.9%) had a highly differentiated tumor, 542 patients had a medium differen-
tiated tumor, whereas 65 patients (7.0%) had a low differentiated tumor. In 138
patients (14.9%), the disease was classified as stage I. 495 patients (53.5%) were
classified as stage II, and 292 patients (31.6%) as stage III. The postoperative
complications are presented in Table 4. 633 patients (68.4%) recovered without
complications, whereas mild complications defined as Clavien Dindo score I, II
and IIla, occurred in 228 patients (24.7%). 64 patients (6.9%) (Clavien Dindo
score IIIb, IV) experienced severe complications. 63 patients (6.8%) were reope-
rated, 22 of them (2.4%) due to anastomotic leak. In this table, several infrequent
complications are grouped together as “others”: urinary retention (n = 11), sur-
gical packing left behind during surgery (n = 1), stoma necrosis (n = 2), pressure
wound (n = 2), hyperosmolarity syndrome (n = 1), anaphylactic shock (n = 1),
worsening of asthma (n = 1), psychosis (n = 3), ventral hernia (n = 1), perianal
sinus (n = 1), pneumothorax during central venous catheter insertion (n = 1). In
the univariate model, cancer recurrence occurred significantly more frequent in
younger patients, after emergency surgery, in patients with tumor perforation, in
patients with longer duration of surgery, and in patients with postoperative

complications and reoperations (Table 2 and Table 4). Tumor type and stage
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were also significant as univariate predictors.

The location of cancer recurrence(s) according to location of the primary tu-
mor is shown in Table 5. The liver was the most frequent organ for cancer recur-
rence, accounting for 42% of all recurrence. Left sided colonic cancers did have
higher rates of liver metastases, right sided colonic cancers did have higher rates of

lung metastases, whereas rectal cancers had higher rates of local recurrences.

Table 4. Postoperative complications, N = 925.

Parameter No metastases Metastases p-value
Clavien Dindo score n (%) 0.007
0: No complication 477 (75.4) 156 (26.4)
I: Mild complications 31 (64.6) 17 (35.4)
II: Complications medicines 128 (73.6) 46 (26.4)
IIIa: Intervention without anesth 4 (66.7) 2(33.3)
IIIb: Intervention with anesth 33 (54.1) 28 (45.9)
IVa: Single organ failure 3 (100) 0
Postoperative complications n (%) 0.001
No complications 477 (75.4) 156 (24.6)
Anastomotic leaks 10 (45.5) 12 (54.5)
Intra-abdominal abscess 5(83.3) 1(16.7)
Other infections 132 (71.7) 52 (28.3)
Cardiovascular 16 (72.7) 6(27.3)
Thrombus-emboli 7 (70.0) 3 (30.0)
Ileus 5 (100) 0
Wound dechise 3 (50.0) 3 (50.0)
Rectovaginal fistula 4 (80.0) 1 (20.0)
Bleeding 1(25.0) 3 (75.0)
Single organ failure 3 (100) 0
Others 13 (52.0) 12 (48.0)
Reoperation n (%) 0.001
No reoperation 642 (74.5) 220 (25.5)
Anastomotic leak 10 (45.5) 12 (54.5)
Others 24 (58.5) 17 (41.5)
Wound dechise 5(41.7) 7 (58.3)
Bowel obstruction 7 (87.5) 1(12.5)
Bleeding 3 (42.9) 4 (57.1)
Intraabdominal abscess 2 (66.7) 1(33.3)
Deviating stoma 3 (100) 0
Stoma revision 1 (50) 1 (50)
Removal of packing 1 (50) 1 (50)
Splenectomy 0 1(100)
Bowel resection 0 1 (100)
Revision of pressure wound 1 (100) 0
Embolectomy of lower limb 1 (100) 0
DOI: 10.4236/jct.2017.812095 1113 Journal of Cancer Therapy
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Table 5. Distributions of cancer recurrence.

Location Coekum Ascendens Transversum Descendens Sigmoid Rectum All relaps
Number of patients n=30 n=236 n=10 n=17 n=>50 n=103 N = 246%
% patients with recurrence 27.2 22.2 19.2 24.6 28.7 29.6 26.6
Number of recurrences n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Liver 13(43) 11 (31) 5 (50) 11 (65) 24 (48) 37 (36) 101 (42)
Lung 1(3) 10 (28) 3 (30) 2(12) 9(18) 20 (19) 45 (19)
Peritoneum 6 (20) 2(6) 2 (20) 1(6) 6(12) 4(4) 21 (9)
Local recurrence 5(17) 3(8) 0 4 (24) 11 (22) 34 (33) 57 (24)
Anastomotic recurrene 3(10) 4(11) 3 (30) 1(6) 4(8) 11 (11) 26 (11)
Bone 1 1 3 5
Brain 2 3 3 8
Anus 1 1
Adrenal gland 1 1
Lymph nodes fossa supraclav 2 2
Abdominal incision 1 1
Reteroperitoneal lymph nodes 1 1 2
Axillar lymph nodes 1 1
Wall of vagina 1 1
Umbilicus 1 1

*27 patients had recurrence in more than one location, three patients had tumors in more than one location, and are omitted.

The pilot dataset was employed to generate hypothesis regarding significant
predictors of recurrence. In the multivariate model, age, indication for surgery
(acute/planned), TNM-stage, reoperations for other causes than anastomotic
leak and tumor location in the left colon were significant independent predictors
(Table 6).

The test data set was used to test the hypothesis generated in the pilot set. In
the multivariate model estimated on the test sample, age, gender and surgeon
type were included as confounders. Indication for surgery (acute/planned) was
not significant a predictor, whereas duration of surgery and tumor location
(right colon/transversum) were significant on trend-level (10%) only (Table 7).
Also, pre-operative and not per-operative tumor-perforation and postoperative
reoperation due to other reasons than anastomotic leakage were significant pre-
dictors. Tumor stage remained highly significant.

In the final analyses, the entire data-set was assessed, as presented in Table 8.
Indication for surgery (acute/planned), duration of surgery, TNM-stage, reope-
ration for complications other than anastomotic leakage and location of tumor
were all significant in the multivariate model, whereas tumor perforation was
not. However, the overall interpretation of the results using this methodological
approach is as follows:

“Indication (acute/planned)” was significant in pilot part, but non-significant
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in test part and thus non-significant predictor in the entire data set even though
p =0.013 in Table 8. “Tumor-perforation” was non-significant in pilot part, but
left in the model as potential predictor. It became significant in test part, but
with an opposite “direction” in HR. However, it was not a significant predictor
in the entire data set. “TNM-stage” is clearly a significant predictor (Table 8),
also illustrated in Figure 2. “Duration of surgery” was not significant predictor
in pilot part, but was left in the model as important predictor. It was only signif-
icant on trend level in test part. Even though it is highly significant in the entire
data set, we can only conclude the significance at trend level (10%), as was loca-
lization in colon. “Postoperative reoperation due to other causes than anasto-

motic leak was significant in both pilot and test sets. In the entire data-set,

Table 6. Results of Cox regression analysis in the pilot part, N = 307.

Bivariate model-PILOT Multivariate model-PILOT

Variable
HR (95% CI) p-value HR (95% CI) p-value
Indication
Acute 1.52 (0.89; 2.58) 0.127 2.30 (1.22; 4.34) 0.010
Planned-ref. 1 1 -
Tumor perforation
No-ref. 1 - 1 -
Pre-operative perforation 0.95 (0.35; 2.60) 0.924 0.53 (0.17; 1.61) 0.260
Per-operative perforation 3.46 (1.09; 10.98) 0.035 1.72 (0.42; 7.01) 0.453
Duration of surgery 1.004 (1.001; 1.007) 0.008 1.004 (0.999; 1.01) 0.095
TNM-stage
Stage I 0.03 (0.004; 0.21) <0.001 0.03 (0.004;0.22) 0.001
Stage II 0.31 (0.20; 0.48) <0.001 0.28 (0.17; 0.45) <0.001
Stage III-ref. 1 - - -
Reoperation
No-ref. 1 - 1 -
Anastomotic leakage 2.49 (1.004; 6.15) 0.049 2.34 (0.83; 6.59) 0.108
Other 1.96 (0.85; 4.51) 0.113 2.48 (1.03; 5.97) 0.042
Localisation
Right colon + transversum 0.78 (0.48; 1.27) 0.319 0.75 (0.40; 1.40) 0.365
Left colon 0.52 (0.30; 0.92) 0.024 0.45 (0.23; 0.87) 0.018
Rectum-ref. 1 1 -
Surgeon
Resident 1.02 (0.54; 1.93) 0.957 1.16 (0.57; 2.33) 0.688
Fellow 0.94 (0.58; 1.53) 0.811 1.05 (0.63; 1.75) 0.853
Consultant-ref. 1 - 1 -
Age 0.98 (0.96; 0.99) 0.005 0.98 (0.96; 0.998) 0.033
Sex
Male-ref. 1 - 1 -
Woman 1.11 (0.725 1.70) 0.644 1.27 (0.79; 2.02) 0.325
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Table 7. Results of multivariate Cox regression analysis in the test part, N = 591.

Multivariate model-TEST

Variable
HR (95% CI) p-value
Indication
Acute 1.38 (0.88; 2.18) 0.163
Planned-ref. 1 -
Tumor perforation
No-ref. 1 -
Pre-operative perforation 2.01 (1.13; 3.59) 0.018
Per-operative perforation 1.18 (0.39; 3.03) 0.882
Duration of surgery 1.003 (0.999; 1.006) 0.098
TNM-stage
Stage I 0.13 (0.06; 9.26) <0.001
Stage II 0.29 (0.21; 0.41) <0.001
Stage ITI-ref. 1 -
Reoperation
No-ref. 1 -
Anastomotic leakage 1.50 (0.68; 3.28) 0.315
Other 1.88 (0.99; 3.58) 0.027
Localisation
Right colon + transversum 0.85 (0.42; 1.03) 0.052
Left colon 1.19 (0.78; 1.82) 0.422
Rectum-ref. 1 -
Surgeon
Resident 1.24 (0.81; 1.90) 0.326
Fellow 1.01 (0.70; 1.44) 0.978
Consultant-ref. 1 -
Age 0.99 (0.98; 1.01) 0.426
Sex
Male-ref. 1 -
Woman 0.71 (0.52; 0.98) 0.038

reoperation due to other causes than anastomotic leak was a highly significant
predictor for cancer recurrence. Reoperation due to anastomotic leakage was not
a significant predictor in the pilot and test sets, and only significant at a
trend-level (10%) in the entire dataset. The effect of postoperative reoperations
on cancer recurrence is also shown for all patients (Figure 3(a)) and for patients
with tumor stage I (Figure 3(b)), stage II (Figure 3(c)) and stage III (Figure 3(f)).
The analyses shows that the negative influence of reoperation is most pro-

nounced in the patient groups with the assumed best prognosis: Stage I and II.

4. Discussion

Previous studies have shown that postoperative complications like anastomotic

DOI: 10.4236/jct.2017.812095

1116 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2017.812095

0. Rpkke et al.

Table 8. Results of Cox regression analysis performed on the entire data set (N = 898).

Bivariate analyses

Multivariate model’

Variable
HR (95% CI) p-verdi HR (95% CI) p-verdi
Indication
Acute 1.72 (1.265 2.36) 0.001 1.59 (1.10; 2.30) 0.013
Planned-ref. 1 - 1 -
Tumor perforation
No-ref. 1 - 1 -
Pre-operative perforation 1.54 (0.97; 2.47) 0.070 1.34 (0.80; 2.25) 0.262
Per-operative perforation 2.14 (1.01; 4.54) 0.048 1.34 (0.61; 2.94) 0.466
Duration of surgery 1.003 (1.001; 1.005) 0.001 1.003 (1.001; 1.006)* 0.006
TNM-stage
Stage I-ref. 1 - 1 1
Stage II 2.81 (1.46; 5.39) 0.002 3.24 (1.67; 6.28) 0.001
Stage III 9.26 (4.87; 17.60) <0.001 10.34 (5.39; 19.85) <0.001
Reoperation
No-ref. 1 1 -
Anastomotic leakage 2.26 (1.26; 4.04) 0.006 1.73 (0.95; 3.13) 0.071
Other 1.89 (1.15; 3.09) 0.012 2.00 (1.20; 3.33) 0.008
Localisation
Colon 0.83 (0.64; 1.07) 0.144 0.75 (0.55; 1.02) 0.062
Rectum-ref. 1 - 1 -

'Controlled for age, gender and type of surgeon. *HR reported for every 1-minute difference in duration.
For every 30-minutes change HR = 1.11 (1.04; 1.18), for every 60-minutes change HR = 1.23 (1.09; 1.39),
for every 90-minutes change HR = 1.36 (1.13; 1.63).
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Time to first recurrence (years)
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Figure 2. Time to first cancer recurrence according to tumor stage (log rank: p < 0.001).
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Figure 3. (a) Time to first cancer recurrence according postoperative reoperation (log
rank: p = 0.002); (b) Time to first cancer recurrence according postoperative reoperation
and tumor stage I (log rank: p = 0.001); (c) Time to first cancer recurrence according
postoperative reoperation and tumor stage II (log rank: p = 0.019); (d) Time to first can-
cer recurrence according postoperative reoperation and tumor stage III (log rank: p =

0.717).
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leakage after colorectal resection for cancer will increase the local and systemic
recurrence rates and reduces survival [19]-[26]. Few reports have studied the ef-
fect of reoperations due to other causes. We therefore decided to separate this
group from the group of patients reoperated for anastomotic leaks in the Cox
model. The results showed an association between reoperation for anastomotic
leaks and cancer recurrence only on trend-level (10%), which may be explained
from the small number of patients in this group, and lack of statistical power.
The association between reoperation for other causes than anastomotic leaks
and cancer recurrence was highly significant, which is the most interesting find-
ing in this study. The negative effect of reoperations was most pronounced in
patients with the best chances of cure according to stage: stage I and stage II.

Emergency surgery, location of the tumor, duration of surgery and tumor
perforation was not significant independent predictors of recurrence. This is in
contrast with previous studies, which have identified emergency surgery [27],
perioperative bleeding and transfusions of blood as risk factors for recurrence
[27] [28] [29] [30] [31]. In one study, blood transfusions > 3 units erythrocytes
increased the recurrence rates, probably through T-lymphocytes, NK-cells,
CD4+/CD8+ ratio [31]. The main discussion has been whether it is the bleeding
itself, or the transfusion of blood that is the main cause of recurrence. However,
some studies do not show negative effects of blood transfusions after colorectal
surgery [32]. Blood transfusions will also not influence recurrence rates after
gastric cancer surgery [33]. The effect of blood transfusions is thus still not set-
tled.

Previous studies have shown that surgery for bowel obstruction and tumor
perforation during surgery is a risk factor for recurrence and reduced 5 year sur-
vival [2] [10] [34] [35] [36], possibly due to performance of inadequate surgery
in a life-threatening situation, or spillage of cancer cells to the abdominal cavity.
Cancer cells with the ability to grow have been demonstrated after colorectal
cancer resections from luminal mucosa, rectal stump, serosal surface washings
and post-dissection lavage tumor bed [37]. This was not supported in the
present multivariate model.

We did not find any significant overall difference in recurrence rates between
colon and rectal cancers, which is in contrast to a pervious Dutch study [9].
There was also no difference in time to cancer recurrence or location of cancer
recurrences in patients with or without reoperations for postoperative complica-
tions (data not shown). However, left sided colonic cancers did have higher rates
of liver metastases, right sided colonic cancers did have higher rates of lung me-
tastases, whereas rectal cancers had higher rates of local recurrences. This is in
accordance with a study on 10.398 colorectal cancer survivors by Augestad et al.
[38].

The statistical study design of a pilot-test-sequence instead of analyzing the
whole sample was chosen to eliminate the chance of bias in selecting predictors,

which is strength of the study. However, the same design also did reduce the

DOI: 10.4236/jct.2017.812095

1120 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2017.812095

0. Rpkke et al.

power in the two sub-analyses (pilot and test), and have increased the risk of a
type II-error, which is a weakness. This may explain why both emergency sur-
gery and duration of surgery were significant in the overall multivariate analyses,
but were interpreted as non-significant.

The retrospective method may be a limitation of the study. Seventeen patients
were lost to follow-up, which may be another limitation. Other investigators
have also taken interest in the importance of clinical factors on recurrence, as is
discussed in the text.

The purpose of the present study was to evaluate the impact of several clinical
parameters reflecting inflammatory stress on cancer recurrence simultaneously,
and identify the factors of independent importance. We could demonstrate that
surgical complications in need of reoperation due to other causes than anasto-
motic leak, was followed by higher recurrence rates, especially in the patients
with the best prognosis (stage I and stage II). This is a strong argument for me-
ticulous preoperative conditioning of the patient, and meticulous surgical tech-

nique.

5. Conclusion

Tumor stage and postoperative reoperations due to complications are significant

predictors for recurrence after curative surgery for colorectal cancer.
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