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This thesis gives an overview of the treatment of locally advanced rectal cancer. The main

focus is on neo-adjuvant treatment which aims for a decrease of tumor burden resulting in

resectability. This should lead to a decreased incidence of local relapse and a more favorable

prognosis.

The first chapter reports on a review of the literature. Three aspects are discussed: assessment

of resectability of advanced rectal cancer, neo-adjuvant radiotherapy alone and combination

radiochemotherapy. The most attractive way to assess the resectability of a rectal tumor seems

to be MRI with an external body coil or spiral CT. These techniques are able to visualize the

endopelvic fascia and its relation to the primary tumor predicting the circumferential resection

margin.

To achieve downsizing and downstaging of a primary irresectable rectal tumor a dose ≥ 45 Gy

is required with an interval between the end of radiotherapy and surgery of 4-8 weeks. The

main limiting factor to higher doses is the normal tissue tolerance. With a 3-4 beam technique a

more homogeneous dose distribution can be reached with a better sparing of the organs at risk.

The addition of intra-operative radiotherapy after resection of a rectal tumor is an interesting

approach but data from randomized clinical trials are lacking.

The expectation of combining radio- and chemotherapy is an additive or even synergistic cell

kill. Few randomized clinical trials have investigated and shown a benefit of the addition of

chemotherapy (5FU and leucovorin) in the neo-adjuvant treatment of locally advanced rectal

cancer. Only one study reported a benefit in local recurrence free survival. New drugs are being

investigated in the adjuvant and neo-adjuvant setting in rectal cancer. Among these are oral

5FU prodrugs (e.g. capecitabine, doxifluridine and tegafur/uracil (UFT)), oxaliplatin and

irinotecan. (Pre)clinical studies provided interesting results for the use of these new drugs.

There is a need for clinical trials to establish more conclusively if there is a role for these drugs.

Chapter 2 describes the results of our study of the effect of neo-adjuvant radiochemotherapy

on primary irresectable rectal cancer in relation to downstaging, local relapse and survival.

These results were compared to the prognosis of tumors that were resectable without neo-

adjuvant treatment. For that purpose clinical endpoints in 43 patients treated with neo-adjuvant

radiochemotherapy followed by surgery were compared to 23 contemporary patients who

underwent primary resection. We found that 79 % of the initially irresectable tumors became

macroscopically resectable, in 74 % a microscopic radical resection (R0) was performed. In 6 of

34 (18 %) surgical specimens no remaining tumor cells were found (pT0), 7 patients had small

tumor remnants (pT1-2). After an observation period of 4.5 years there were no local
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recurrences in the patients with pT0-2 tumors. In the 21 patients with a pT3-4 tumor 3 local

relapses were seen (14 %). In the 23 patients with primary resectable T1-2 tumors the relapse

rate was 4 %. No difference in overall survival was found between the downstaged group (pT0-

2) and primary resectable group (T1-2). From these data we conclude that downstaging of an

initially irresectable rectal tumor to pT2 or less results in a local relapse rate and overall

survival that corresponds with the rates in primary resectable cancer with the same T

classification.

Chapter 3. Parameters which might identify aggressive tumors that would benefit from neo-

adjuvant therapy could be helpful in clinical managment. We investigated the relation between

survival and the value of molecular markers, in biopsy material of the primary tumor, in a group

of 34 patients with irresectable rectal cancer treated with neo-adjuvant radiochemotherapy.

Neo-adjuvant treatment consisted of pelvic irradiation of 45-56 Gy, combined with 5FU and

leucovorin (350/20 mg/m² x 5 d; in week 1 and 5 during radiotherapy). The most likely

parameters to offer predictive value are cellular proteins that represent pathways engaged in

cellular survival or death after anti-tumor therapy and parameters for tumor (re)growth. In this

respect the most often studied markers are p53, p21, bcl-2 and Ki-67. Genes in this path have

products which play a crucial role in apoptosis, cell proliferation and tumor progression. The

intensity of marker staining was compared to the survival after therapy. After a median follow

up of 38 months, p21 proved to be an independent marker predicting a worse survival when

overexpression was found. The other markers showed no significant correlation with overal

survival.

A relation between p21 and radiotherapy effects has been described in the literature. In a

number of cell lines which are resistance to irradiation an elevated level of p21 protein is found.

Characteristically the level of p21 protein remains high in this situation, and there is no

induction of the protein by the irradiation, as is often seen in the p53 induced p21 response to

irradiation. Rather than following the cell cycle block to apoptotosis, these cells survive.

However in our patient group we do not find a relation between p21 and the effect of

radiotherapy as judged by the T status. Therefore the inverse effect on survival may be caused

by mechanisms other than radioresistance. Further analysis of this intriguing observation seems

warranted.
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In Chapter 4 we report the results of a phase I study determining the maximum tolerable dose

of oxaliplatin in combination with (oral) 5FU and radiotherapy in patients with primary

irresectable rectal cancer. The addition of oxaliplatin to a standard chemotherapy regime has

lead to an improved clinical outcome in metastatic disease. As reported in chapter 2 not all

rectal tumors respond to neo-adjuvant radiochemotherapy. To optimize the chemotherapy in

this regime oxaliplatin was added. In combination with radiation oxaliplatin can also act as

radiosensitizer as described in the literature.

In our study eighteen patients with primary irresectable rectal cancer were treated with

oxaliplatin added to the standard neo-adjuvant radiochemotherapy regime. Thirteen patients

received intravenous 5FU and five capecitabine (an oral prodrug of 5 FU). Radiotherapy was

given with a 3-4 fields technique, 6-15 MV, 45 Gy in 25 fractions of 1.8 Gy with a boost dose

of 5.4 Gy in 3 fractions. Chemotherapy consisted of two cycles of 5-FU, 350 mg/m² and

leucovorin 20 mg/m² (IV bolus injection) administered on days 1 to 5 and 29 to 33 of

radiotherapy. Capecitabine was administered orally at a dose of 1000 mg/m2, 2 x dd, day 1 till

14 and 25 till 38. Oxaliplatin was administered at 2 dose levels: 85 mg/m² and 130 mg/m²

synchronously with radiotherapy days 1 and 29 as a 2h intravenous infusion prior to

administration of 5-FU and leucovorin. The surgical procedure was performed between 4 to 6

weeks after preoperative treatment.

The first 3 patients received an oxaliplatin dose of 85 mg/m2. At this dose level a grade 3

diarrhea, elevated liver transaminases and mild leucopenia and anemia were found. The dose

was therefore escalated to 130 mg/m². At this dose level 7 patients were treated. One patient

discontinued the treatment because of grade 4 mucositis, diarrhea and leucopenia. Subsequently

this was found to be due to a dihydropyrimidine dehydrogenase (DPD) deficiency, a germ line

mutation known to intensify toxicity to 5FU (chapter 5). As this patient was considered not to

be evaluable a replacement patient was treated. However the sixth evaluable patient treated in

the oxaliplatin dose group of 130 mg/m², experienced a grade IV toxicity with a leukocyte

count of 0.10 x 109/l and died probably of septicemia related to urosepsis. DNA analysis

excluded common DPD deficiencies.

After this treatment related death 8 additional patients were treated in the regime with 85 mg/m²

oxaliplatin without any dose limiting toxicity (DLT) of whom 5 received capecitabine instead

of intravenous 5FU. Because of the DLT in the 130 mg/m2 oxaliplatin dose level the advisory

dose to treat patients in this regime is 85 mg/m² oxaliplatin.
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Chapter 5 discusses the impact of the administration of 5FU or its analogs in patients with a

DPD deficiency. Mutations in the DPD gene leads to a decreased metabolism of 5FU, resulting

in accumulation of toxic compounds. The incidence of a DPD activity below the 70 % is

estimated at 3 % with a mortality of 10 % among patients with DPD deficiency related 5FU

toxicity.

We describe two patients who developed severe toxicity after 5FU and oxaliplatin containing

chemotherapy, with DPD deficiency. The first patient was treated for a primary irresectable

rectal tumor. After the administration of 5FU she developed severe mucositis, diarrhea and

hematological toxicity. She was hospitalized for 142 days of which 10 on the intensive care

unit. The second patient received 5FU and oxaliplatin because of disseminated colon

carcinoma. She developed oral mucositis, diarrhea grade II, leucopenia grade III, a mild

cerebellair ataxia and was hospitalized for 5 days. Both patients recovered fully from their

toxicity episode without signs of late toxicity. Some observations suggest that the risk of 5FU

induced toxicity might be somewhat higher due to a co-medication effect. The combination of

5FU and oxaliplatin might put patients with lowered DPD activity at a higher risk of developing

severe toxicity. It was shown in a pharmacokinetic study that the addition of oxaliplatin to 5FU

resulted in a reduction of the 5FU catabolism.

A growing number of studies are being performed with oral 5FU prodrugs, this results in an

increased use of these drugs and therefore in an increase of the risk of developing 5FU related

toxicity. High risk patients might be selected by screening for DPD deficiency. These patients

could then receive alternative treatment modalities containing novel non-fluoropyrimidine

compounds.

Chapter 6 reports the results of salvage treatment in care of local recurrence of rectal cancer. A

group of 40 patients who received radiotherapy alone or combined with surgery were studied.

Radiotherapy was given with a 3-4 fields technique (6-15 MV), 5 times a week. The median

radiation dose was 50 Gy (range 25-66.6 Gy). Twenty-five patients underwent salvage surgery.

In 5 patients treated with radiotherapy and surgery preoperative radiochemotherapy

combination was given. The 3 and 5 year overall survival of the total group was 36 % and 19 %

respectively, with a median survival of 26 months. Factors associated with a worse survival

where high primary tumor stage and the presence of distant metastases. In the group of patients

treated with radiotherapy and surgery an invasion of neighboring organs (Tr 4-5) and a micro-

or macroscopic irradical resection (R1-2) also correlated with a worse survival.
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The local recurrence free survival 3 and 5 years after treatment for the recurrence respectively

was 49 % and 39 %. Factors that significantly correlated with the development of a second

local recurrence were male gender, abdominoperineal resection as primary surgery technique,

distant metastases, R1-2 resection and a Tr 4-5 tumor stage. Our results and a study of the

literature indicate that in a carefully selected group of patients intensive salvage treatment can

contribute to a longer survival with a reasonable quality of life.
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Future perspectives

Developments in the treatment of rectal cancer are manifold. Firstly, new imaging techniques

will select more accurately the patients that will benefit from neo-adjuvant

radio(chemo)therapy. The definition of irresectability is changing from ‘fixed’ or ‘tethered’ to

an extended T3 tumor that should receive neo-adjuvant treatment in order to downsize and

downstage to reach curability. Secondly a new staging system was developed based on the

evaluation of 50,042 patients with colorectal cancer which stratifies stage III cancer in 3 subsets

(stage IIIA: T1-2, N1, stage IIIB: T3-4, N1, stage IIIB: any T, N2) (1). This way patients with

stage IIIC can be selected for aggressive therapy as they have an extremely poor prognosis.

In the third place the introduction of new drugs like oxaliplatin, irinotecan and oral 5FU

prodrugs in clinical studies have shown interesting results. A multi-centered phase II clinical

trial is taking place at this moment in the Netherlands as a result of the phase I trial described in

chapter 5. After the conclusion of that trial a phase III randomized clinical trial is planned

comparing neo-adjuvant treatment with radiotherapy alone to radiochemotherapy in patients

with primary irresectable rectal cancer.

Finally the development of monoclonal antibodies targeting vascular endothelial growth factor

(VEGF) and VEGF receptors might improve clinical outcome in the treatment of rectal cancer.

Since VEGF is needed for tumor angiogenesis and an increased expression is seen in colorectal

cancer and most other tumors this seems to be an intriguing approach. Hurwitz et al. presented

interesting results from a randomized trial comparing 5FU/LV and irinotecan with placebo to

5FU/LV and irinotecan with Bevacizumab (VEGF antibody) (2). They found a significant

benefit in response rate, progression free and median survival in patients primarily treated for

colorectal cancer.
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