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Discussion

For over 50 years, specialists in non-small cell lung cancer treatment have demonstrated 

the advantages of a multidisciplinary approach. Neoadjuvant treatment, traditionally 

consisting of radiotherapy, made downstaging possible and enabled surgical resection of 

previously irresectable locally advanced tumours [1]. Thirty years later, outcome of patients 

with (resectable) NSCLC evidently improved when neoadjuvant chemoradiotherapy was 

used in stead of radiotherapy only, with or without subsequent surgical resection [2-4]. 

Currently, chemoradiotherapy has become the standard of care for locally advanced 

NSCLC, and surgery nowadays fulfills a more complementing role rather than a leading 

one. In spite of the achievements however, survival rates are still disappointing even 

for patients with resectable disease. By intensifying neoadjuvant regimens, a higher 

percentage of (mediastinal) downstaging might be obtained, possibly leading to better 

disease control. On the other hand, intensified radiotherapy or chemotherapy regimens 

will induce more toxicity and may negatively influence a subsequent surgical resection. In 

the light of this dilemma, the main goal of this thesis was to explore the balance between 

efficacy and toxicity of neoadjuvant treatment and surgical resection. 

New agents
To improve the unsatisfactory outcome of patients with NSCLC treated with 

conventional modalities, the search for new neoadjuvant agents is ongoing. We 

investigated the potential benefit of a targeted biological agent, erlotinib, in the 

preoperative setting. Because of the highly selective mechanism of action of EGFR-TKI’s, 

the toxicity experienced by the patients treated with erlotinib or gefitinib is far less 

than with conventional chemotherapy. For example, in contrast to the hematological 

toxicity observed with chemotherapy, the most frequently observed adverse events in 

EGFR-TKI treatment are skin rash or diarrhea (Chapter 3). Furthermore, in a therapeutic 

dose that was proven to be effective in patients with advanced disease, EGFR-TKI’s did 

not affect morbidity (e.g. wound healing) or feasibility of consecutive radical surgical 

resection in early stage NSCLC (Chapter 2,3).  

The rationale for neoadjuvant administration of erlotinib in early stage NSCLC was 

to test its efficacy in vivo. In selected cases, treatment with an oral TKI can result in 

spectacular clinical and radiological responses within a relatively short period of 2-3 

weeks. Subsequent surgical resection and pathological examination of the resected 

specimen enabled quantification of histological response. These patterns of response 

would help to determine its possible utilization as adjuvant treatment or in other stages 

of disease, when a tumour specimen cannot be obtained. 
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For this purpose we conducted a phase II trial in which patients received erlotinib (150 

mg once daily per os) for 3 weeks before surgery. The results showed considerable 

activity of neoadjuvant erlotinib in an enriched population of NSCLC patients (Chapter 

2,3). Pathologic examination showed more than 50% necrosis of the tumour in 14 

patients (23%), of whom three (5%) had more than 95% necrosis. The response rate 

in selected patients (based on phenotype, smoking characteristics and/or histology) 

was 34%. In addition, the study showed that it is safe to use erlotinib in a preoperative 

setting. We concluded that this treatment has sufficient activity to deserve further 

testing, and that future phase III studies with neoadjuvant erlotinib are indicated. 

Furthermore, the now available selection criteria for EGFR-TKI treatment do not suffice, 

as only one third of the selected or ‘enriched’ population and about half of the patients 

with an EGFR mutation responded to the drug. Also, one of the patients with a KRAS 

mutation did show response, while this would generally not be expected [5]. With 

the results of later studies KRAS is now no longer regarded as a negative predictor of 

response, but may remain valuable for its mutually exclusivity with EGFR mutation and 

ALK rearrangement [6,7]. Finally, a reliable determination of response is lacking. CT 

scanning proved not to be useful for this purpose (within 3 weeks) since apoptosis, 

necrosis and fibrosis is not translated into early decrease in tumour volume, which is 

only expected to occur in weeks to months. FDG-PET scanning showed more reliable 

monitoring of response (even after 1 week of treatment, Chapter 4), although metabolic 

response did not exactly correspond to the extent of histopathological regression of 

the tumour (Chapter 3). 

In the last decade, the concept of patient selection for a certain treatment modality 

is gradually converting to treatment selection for each individual patient. Further 

personalized treatment in patients with NSCLC will most likely translate in to a better 

outcome in NSCLC and, more specifically, prevention of unnecessary toxicity of 

ineffective treatment. 

Nowadays, EGFR mutations are routinely tested in patients with advanced NSCLC, and 

KRAS mutation and ALK translocation status further assist in determining susceptibility 

for different biological agents. Currently ALK inhibitors are available and being tested 

(e.g. crizotinib) in patients with ALK-positive advanced-stage NSCLC with promising first 

results [8]. However, as we have shown in Chapter 3 the presence of an EGFR mutation 

is not a guarantee of response to EGFR-TKI treatment, and the search for new selection 

methods in future studies is warranted to identify responders before start of treatment 

or early during treatment. Whether multiplex genotyping assays are the next step is 

currently under investigation [9,10]. 
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Nevertheless, a simple clinical implementation is of great value for (new) selection 

methods, and therefore we explored biomarkers in serum of patients treated with 

EGFR-TKIs. We found that TGFα, ARG and soluble-EGFR measured in serum might 

be predictive of a response to the EGFR-TKI. However, conflicting results of earlier 

studies indicate that further prospective research is necessary to specify their value for 

personalizing neoadjuvant treatment. In the prospective M06-NEL study serum was 

collected from included patients for similar purposes. 

Neoadjuvant chemoradiotherapy for sulcus superior tumours
The second part of the thesis focuses on patients with superior sulcus tumours. In this 

special category of locally advanced disease, achieving local control is very important 

since vital local structures like the brachial plexus, vertebrae and major vessels can be 

involved. This is the rationale for chemoradiotherapy consisting of a higher radiotherapy 

dose of 66Gy with daily cisplatin of 6mg/m2, a schedule we have optimized in our 

institution. When combined with full-dose chemotherapy regimens, the radiotherapy 

dose is often reduced to avoid unacceptable toxicity. Unfortunately, there is no 

international consensus whether this regimen is superior to low-dose chemotherapy 

with high-dose radiotherapy. 

The most interesting finding of the studies described in this thesis was the 

high percentage of pathologic complete response (47-62%) after neoadjuvant 

chemoradiotherapy with the 66Gy plus daily low-dose cisplatin schedule. Long-term 

local control was achieved in all patients with this treatment schedule followed by 

surgery, with acceptable toxicity and zero mortality. We presume that the favorable 

response rate, when compared to the results of 45Gy chemoradiotherapy [11], might be 

the effect of the radiobiological highly effective dose of 66Gy in 24 fractions. In addition, 

this schedule also has a shorter overall treatment time (OTT) compared to multidrug 

chemoradiotherapy regimens. Based on the principle of tumour cell repopulation, 

this is probably advantageous in comparison with the 9-12 weeks treatment time of 

multi-drug or sequential regimens [12]. The results of the meta-analysis of Auperin et al. 

confirm this, since they prove superiority of concurrent CRT versus sequential regimens 

regarding locoregional control and overall survival [13]. 

However, the balance between the efficacy and toxicity of aggressive neoadjuvant 

therapy is also relevant here. As illustrated in Chapter 7, the proportion of M0 patients 

who are eligible for trimodality treatment is (only) thirty percent, with about 20% of 

patients judged ineligible due to medical reasons like poor performance status, severe 

comorbidity or insufficient (cardio)pulmonary reserve. With this strict selection, toxicity 

was acceptable. The results of two reference centers using the same treatment schedule 
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more reliably illustrated that efficacy and safety seems to be fairly balanced, although 

we did find late toxicity in three patients (Chapter 9). 

Since high response rates can be achieved in patients eligible for neoadjuvant 

chemoradiotherapy, the rationale for subsequent surgery can be discussed (Chapter 

8). Should we leave surgical resection out when a complete response is detected? The 

answer to this question remains unclear, because we don’t know whether pathologic 

complete response is equal to cure. Long-term follow-up of patients with complete 

response after chemoradiotherapy without surgical resection would be required, though 

we cannot reliably distinguish pathologic complete response on radiology imaging at 

present. Randomized trials comparing CRT (66Gy) with CRT and surgical resection in 

this patient population are not available. The 0139 Intergroup trial compared CRT (45 

Gy) with CRT and surgery, albeit in another patient population (stage IIIA-N2 disease). 

They found no difference in overall survival, except for a subgroup of patients who were 

treated with lobectomy [14]. Surgery therefore remains to be an essential element of 

NSCLC treatment for selected patients with locally advanced disease. 

Prospects
More effective treatment selection may be possible through innovation in several 

ways. Some ongoing studies are aimed at testing more adequate methods of response 

evaluation. Metabolic or dynamic contrast imaging may improve identification of 

response, although questions remain about the optimal timing of imaging. With 

optical spectroscopy techniques such as diffuse reflectance spectroscopy (DRS) and 

fluorescence spectroscopy (FS) it is now possible to measure tissue characteristics in 

vivo at the tip of a biopsy needle. The spectral response of tissue to broadband light 

can distinguish benign from malignant tissue, and even detect areas of necrosis [15]. 

This may be of significant value for response evaluation in patients who received 

chemoradiation. 

On the other hand, genomic response prediction to specific treatments (either 

chemotherapy or targeted agents) may be available in the near future. Recent 

technological advances in genotyping and high-throughput genomic profiling are 

already being tested [9,16]. Next-generation sequencing technologies offer the 

possibility of comprehensive screening of the cancer genome of individual patients 

from small  tumour biopsies. Hopefully, this will enable molecular definition of NSCLC 

and subsequent molecularly tailored treatment for individual patients. 
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