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Summary:

Poorly differentiated neuroendocrine carcinoma (PDNEC) is rare malignancy that remains a challenge to treat. PDNEC occurs at an incidence of 2% annually in United States. The current standard of care is based largely upon retrospective data. There remains a need for large prospective cooperative group trials in the management of PDNEC. In this paper, we will review abstracts e15096, Paclitaxel, carboplatin, and etoposide (TCE) in advanced poorly differentiated neuroendocrine carcinoma by Loeffler et.al  [10] and e15071, Poorly differentiated neuroendocrine carcinoma (NEC G3): Prognostic factors and potential novel targets  by Heetfeld et.al [9]  presented at the 2013 ASCO meeting highlighting treatment options in first and second lines for PDNEC.

What Did We Know Before the 2013 American Society of Clinical Oncology (ASCO) Annual Meeting?

Neuroendocrine carcinoma is derived from neuroendocrine cells that are distributed throughout the body. This is a heterogeneous disease with common immunohistochemical and ultra structural properties. The PDNEC subtype is characterized by its nonsecretory, aggressive behaviour and frequently grows in the GI and GU tracts [2]. The median survival of patients with this disease who have distant metastases is about five months. 
Current treatment paradigms are extrapolated from management guidelines for small cell lung cancer [1,2]. These include surgical resection for resectable disease followed by chemotherapy with or without radiation for localized disease [3]. Alternatively, definitive chemoradiation can also be considered in this setting. For unresectable locoregional disease, chemoradiation remains the treatment of choice. Treatment for metastatic disease requires systemic chemotherapy with surgery and radiation reserved for palliation. 

Traditionally, doublet chemotherapy consisting of etoposide and a platinum agent has been utilized in the treatment of PDNEC [5,6]. Recently, several new agents have show promise in single agent setting. Studies are ongoing in utilizing these agents with etoposide and a platinum based regimen in the management of advanced PDNEC [4]. Alternatively, advances have been made in understanding molecular pathogenesis [7,8]. This is particularly promising with respect to developing new agents for this difficult to treat malignancy. There is currently no definitive second line chemotherapy option available for this disease.

What Did We Learn at the 2013 American Society of Clinical Oncology (ASCO) Annual Meeting?
Paclitaxel, carboplatin and etoposide (TCE) in advanced poorly differentiated neuroendocrine carcinoma 

There remains a lack of outcomes data in patients with PDNEC who undergo treatment. Loeffler et. al conducted a single center retrospective study of  50 consecutive patients who were diagnosed between January 2000 to  April 2012. These patients were treated with a regimen consisting of paclitaxel (175-200mg/m2, iv; day 1), carboplatin (AUC 6, iv; day 1) and etoposide (50mg alternating with 100mg, orally; days 1-10) every three weeks (Abstract #e15096). This regimen was previously studied by Hainsworth et. al in a phase 2 clinical trial. All patients were evaluated using CT scans which were reviewed according to the RECIST criteria to detect response. The diagnosis was confirmed using immunohistochemical staining and a proliferative index was calculated for each pathological specimen. 
The results of this study are depicted below in Table 1,2,3 and 4.
Table 1 Patient characteristics: 

	Median Age
	61 years (23-85 years)

	Sex

--M

--F
	No. (%)

34 (68%)
16 (32%)

	Disease

                                    --limited

                                    --Liver metastases

                                   --extra hepatic metastasis

                               --hormone secreting tumors
	No. (%)

8 (16%)
29 (58%)
13 (26%)
12 (24%)


Table 2 Therapeutic intervention:

	Resection of primary tumor
	No. (%)

20 (40%)

	Median number of chemotherapy cycles
	4 (1-12)


Tables 3 and 4 show study results:

Table 3 RECIST response:
	
	Response after 3 cycles
	Response after > 6 cycles
	Total (%)

	Complete response
	4
	7
	7 (14%)

	Partial response
	23
	20
	20 (40%)

	Stable disease
	12
	12
	12 (24%)

	Disease progression
	7
	--
	7 (14%)

	Early death
	4
	--
	4 (14%)


Table 4 Survival:

	Median progression free survival 
	4 months (95% CI 2.9-5.1 months)

	Median overall survival time
	14.8 months (95% CI 9.5-20.3 months)


The major toxicity of this study was myelosuppression which required dose reduction of paclitaxel to 175mg/m2 in 40 (80%) patients. This study appears to show promising evidence in using triple therapy regimens for treating PDNEC and provides groundwork for a larger, prospective multicenter clinical trial studying this regimen. 

Poorly differentiated neuroendocrine carcinoma (NEC G3): Prognostic factors and potential novel targets 

In addition to being aggressive, PDNEC is also associated with variable clinical response. The response to etoposide based regimens can range from 40% to 67% in the first line setting. Heetfeld et. al studied clinical data of 42 patients retrospectively . Pathological specimen were studied in 26 (62%) of patients (Abstract #e15071). These specimens were analyzed for cell size, expression of p-mTOR and downstream effectors (p-eIF4E and p-4EBP1), somatostatin receptor (SSTR)-subtypes and growth factor receptors (EGFR and IGF-1R). The statistical analysis was done using Kaplan-Meier curve, log rank test and Cox regression analysis. Table 5 and 6 summarize the results:
Table 5 Molecular marker expression levels:

	Molecular marker
	Expression (%)

	p-mTOR
	64%

	p-eIF4E
	24%

	EGFR

               --cytoplasmic

                                         --nuclear
	73.1%

65.4%

	IGF-1R
	69.2%


Table 6 Study results:

	
	Median overall survival in months
	P value

	Size

 --small

--large
	11

31
	0.034

	p-mTOR

--high

                    --low
	9

25
	0.026

	p-eIF4E

--high

                    --low
	9

25
	0.015


A multivariate COX regression analysis showed p-mTOR and p-eIF4E to be independent prognostic indicators after taking cell size and TNM staging into account. Expressions of SSTR subtypes, Ki67 index and response to first line chemotherapy were not associated with prognosis when analyzed by log rank test. These results suggest that m-tor inhibitors may potentially be of therapeutic benefit in patients with PDNEC according to this small study. Of note, evorolimus, an m-tor inhibitor was approved by the FDA in May 2011 for use in progressive or metastatic pancreatic neuroendocrine tumors that cannot be removed surgically. 
Discussion: 
In this paper, we discussed two studies that show promising evidence for new treatment modalities. The results from these studies support the need for additional investigations. However, it would be premature to draw any other definitive conclusions from these studies given their limitations. Both of the studies were small and retrospective. Retrospective studies can be associated with selection biases and small studies are usually underpowered to detect a statistically meaningful difference. 

PDNEC remains a therapeutic challenge to treat given its diverse composition and variable response to therapy. Current treatment paradigms are based upon standard treatments used to manage small cell lung cancer. Given that advanced PDNEC is associated with poor prognosis, there remains a need for well designed, large, prospective, multicenter trials to evaluate new treatment modalities. 
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