Predicting FOLFIRINOX Response

Dear All,

The lesson from the Carboxylesterase 2 (CES2) report below is that, if the patient’s tumor has low-CES2, he may wish to skip the harsher FOLFIRINOX (since it won’t have exceptional effect) and undergo a less harsh regimen instead, like the Modified Gemcitabine + Nab-Paclitaxel regimen.  See 
http://www.healio.com/hematology-oncology/gastrointestinal-cancer/news/online/%7Beab8a747-9005-4a0f-a1bc-433adc554553%7D/less-intensive-regimen-maintained-efficacy-reduced-toxicity-in-metastatic-pancreatic-cancer 
and http://www.biomedcentral.com/content/pdf/1471-2407-14-471.pdf 

Carboxylesterase 2 (CES2) kits are readily available.  Human Carboxylesterase 2 is a protein.  It is commonly expressed in tumor tissues and tends to activate irinotecan.

The full text is available here:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554193/ 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554193/pdf/djv132.pdf 
http://jaxelection.altervista.org/pancreatic/CES2&ResponseToIrinotecanFOLFIRINOX2015USA.pdf 
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Pancreatic Cancer: Who Is Likely to Respond to FOLFIRINOX

Veronica Hackethal, MD August 27, 2015 http://www.medscape.com/viewarticle/850164 

Researchers report that they may have found a way to identify patients with pancreatic cancer who are likely to respond to treatment with the gruelling chemotherapy combination FOLFIRINOX (5- fluorouracil, leucovorin, irinotecan, and oxaliplatin), which has been shown to improve survival but has substantial side effects.

The key may lie with the enzyme carboxylesterase 2 (CES2), according to a study published in the August 8 issue of the Journal of the National Cancer Institute.

"Response to irinotecan [Camptosar, Pfizer Inc] may well depend on whether the tumor expresses the enzyme [CES2] that metabolizes the drug. If this is validated in a prospective trial, testing for this protein would be predictive of response," commented lead author Samir Hanash, MD, PhD, director of the Red and Charline McCombs Institute for the Early Detection and Treatment of Cancer, at the University of Texas MD Anderson Cancer Center, Houston.

CES2 belongs to one of the largest classes of enzymes in humans, known as the serine hydrolases. These enzymes factor significantly in the development, growth, and spread of cancer and may also be important for drug metabolism. Although not completely understood, one of the main functions of CES2 seems to be to protect cells against toxins. In humans, CES2 converts the prodrug irinotecan to its active form SN38, a topoisomerase inhibitor that induces cell death in pancreatic ductal adenocarcinoma (PDAC).

For their study, Dr Hanash and colleagues used immunohistochemistry to evaluate CES2 expression in tumor and nontumor tissue from 118 patients with PDAC. Next, they analyzed CES2 activity by looking at the hydrolysis of the nonspecific esterase substrate para-nitrophenyl acetate (p-NPA) and correlating it with the half-maximal inhibitory concentration (IC50) of irinotecan.

Finally, they looked at overall survival and CES2 expression in 22 patients with high-risk profiles or borderline operable PDAC who received FOLFIRINOX before surgery. Patients received either an individualized protocol based on their clinical status or the following protocol: FOLFIRINOX (oxaliplatin 75 mg/m2 d1 + irinotecan 150 mg/ m2 d1 + 5-FU 2000 mg/m2 46h CI for 6 cycles) before radiotherapy (50.4 Gy with weekly gemcitabine (Gemzar, Eli Lilly and Company) 350 mg/m2) and surgery.

The results showed significant overexpression of CES2 mRNA and protein in PDAC tissue when compared with nontumor pancreatic tissue (P < .001).

Of 188 PDAC samples, 63.6% (75/118) showed CES2 expression, compared with 7.2% (7/97) of nontumor pancreatic tissue samples, with 48/118 (40.7%) tumors showing high CES2 expression.

In 11 PDAC cell lines, as CES2 activity increased, IC50 values decreased, showing that less irinotecan was needed for response (R = -0.68; P = .02).

Patients who received FOLFIRINOX before surgery and had resectable or borderline resectable tumors with high CES2 expression had longer overall survival compared with those with low and intermediate CES2 expression (hazard ratio [HR]; 0.11; 95% confidence interval [CI], 0.02 - 0.75; P =.01; and HR, 0.14; 95% CI, 0.04 - 0.51; P = .02, respectively).

Mutlivariable analyses suggested that CES2 expression and tumor size represented the only independent predictors of overall survival (log-rank P = .02; HR = 0.03; 95% CI = 0.002 - 0.58).

Patients with high CES2 expression also had significantly improved progression-free survival compared with those with low and intermediate CES2 expression (HR = 0.09; 95% CI = 0.01 - 0.36; P = .005; and HR = 0.22, 95% CI = 0.04 - 0.97; log-rank P = .05, respectively).

"This study clearly points out that predicting response to drug may depend on molecular features of the tumor that may not be predictable from a tumor's mutational or genomic profile," Dr Hanash emphasized. "The bottom line is that genomic profiling alone may not be sufficient as a source of markers predictive of response to therapy."

"The findings [of this study] highlight the importance of understanding the pharmacology of chemotherapeutic drugs and how pharmacodynamic effects are influenced by both the normal and tumoral expressions of metabolizing and activating enzymes," commented Ryan Nipp, MD, of the Massachusetts General Hospital Cancer Center, Dana-Farber Cancer Institute, and Harvard Medical School, in Boston. Dr Nipp coauthored a linked editorial, along with David Ryan, MD, also of Massachusetts General Hospital.

Although the study provides "valuable information" that "should motivate additional study," Dr Nipp cautioned that definitive conclusions cannot yet be drawn from it.

More work is needed, he added, on the role of CES2 expression in FOLFIRONOX treatment outcomes in PDAC and other cancers. Aspects that call for investigation include whether treatment affects CES2 expression, whether CES2 expression fluctuates within an individual's tumor, and whether CES2 expression differs between the primary site and metastases.

"The results of this study were a welcome reminder that, after nearly 15 years of use in the clinic, we still have much to learn about irinotecan," Dr Nipp emphasized. "[T]his underscores the importance of understanding the pharmacology of the chemotherapies we frequently prescribe. We look forward to the research and investigations inspired by the findings of this work."

The authors, Dr Nipp, and Dr Ryan report no relevant financial relationships.
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Everyone:
The report below, released today by MD Anderson, suggests that response to FOLFIRINOX therapy can be predicted.  “High CES2 expression in tumor tissue was associated with longer overall survival . . . ”  
And, presumably, those patients with “high CES2 expression” would be more likely to become resectable via FOLFIRINOX therapy.
This finding also applies to some colon cancer regimens.
Do NOT expect your oncologist to know this.
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PS:
For a head-to-head comparison of regimen performance see
http://www.biomedcentral.com/content/pdf/1471-2407-14-471.pdf 
titled: “Chemotherapy regimens for advanced pancreatic cancer: A systematic review and network meta-analysis” (2014)
Carboxylesterase 2 as a Determinant of Response to Irinotecan and Neoadjuvant FOLFIRINOX Therapy in Pancreatic Ductal Adenocarcinoma

http://jnci.oxfordjournals.org/content/107/8/djv132.abstract?etoc 
Download the full text here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554193/ 
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Abstract

Background: Serine hydrolases (SHs) are among the largest classes of enzymes in humans and play crucial role in many pathophysiological processes of cancer.  We have undertaken a comprehensive proteomic analysis to assess the differential expression and cellular localization of SHs, which uncovered distinctive expression of Carboxylesterase 2 (CES2), the most efficient carboxyl esterase in activating the prodrug irinotecan into SN-38, in pancreatic ductal adenocarcinoma (PDAC).  We therefore assessed the extent of heterogeneity in CES2 expression in PDAC and its potential relevance to irinotecan based therapy.
Methods: CES2 expression in PDAC and paired nontumor tissues was evaluated by immunohistochemistry.  CES2 activity was assessed by monitoring the hydrolysis of the substrate p-NPA and correlated with irinotecan IC50 values by means of Pearson’s correlation.  Kaplan-Meier and Cox regression analyses were applied to assess the association between overall survival and CES2 expression in patients who underwent neoadjuvant FOLFIRINOX treatment.  All statistical tests were two-sided.
Results: Statistically significant overexpression of CES2, both at the mRNA and protein levels, was observed in PDAC compared with paired nontumor tissue (P < .001), with 48 of 118 (40.7%) tumors exhibiting high CES2 expression.  CES2 activity in 11 PDAC cell lines was inversely correlated with irinotecan IC50 values (R = -0.68, P = .02).  High CES2 expression in tumor tissue was associated with longer overall survival in resectable and borderline resectable patients who underwent neoadjuvant FOLFIRINOX treatment (hazard ratio = 0.14, 95% confidence interval = 0.04 to 0.51, P = .02).
Conclusion: Our findings suggest that CES2 expression and activity, by mediating the intratumoral activation of irinotecan, is a contributor to FOLFIRINOX sensitivity in pancreatic cancer, and CES2 assessment may define a subset of patients likely to respond to irinotecan based therapy.
Predicting a Response to FOLFIRINOX in Pancreatic Cancer 

Ryan D. Nipp David P. Ryan 
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Cancer of the pancreas is highly lethal and it is the fourth leading cause of cancer death in the United States (1). The majority of patients with pancreatic cancer have metastatic disease at the time of diagnosis, and the few patients who present with localized disease often develop metastases within two years of their surgery.

Recently, the combination regimens of FOLFIRINOX (2) and Gemcitabine/Nab-paclitaxel (3) have provided hope for patients with metastatic disease and also for patients with locally advanced and potentially resectable disease. In the metastatic setting, median survival has been pushed out to beyond 11 and eight months, respectively, and we are now seeing approximately 10% of patients alive at two years (2–4). Several institutions have now published data about their ability to convert locally advanced or borderline resectable disease to resectable by using FOLFIRINOX (5–7).

Clearly, FOLFIRINOX represents an advance in the treatment of patients with pancreatic cancer, but it is an aggressive regimen with considerable side effects. Often, oncologists limit this regimen to carefully selected patients with good performance status and minimal comorbidities. Even then, dose modifications, treatment alterations, and the use of growth factors are frequently required to help make this regimen more tolerable for patients.
Identifying which patients will most likely benefit from FOLFIRINOX with a predictive marker would help guide treatment strategies and improve outcomes. Specifically, knowing which patients are more likely to respond to FOLFIRINOX would help patients and providers make more informed decisions. Recently, Waddell and colleagues reported a small experience of pancreatic cancer patients with defective DNA maintenance (8). They found that defects in DNA maintenance may predict chemosensitivity to platinum-based therapy and thus hypothesized the potential for this as a biomarker needing further investigation.

In this issue of the Journal, Cappo et al. chose a different tack by attempting to exploit the pharmacology of irinotecan in order to establish a predictive biomarker (9). Irinotecan was the first camptothecin to enter clinical trials in the 1980s, and it is the most widely used camptothecin in the clinic today. Irinotecan gets converted by carboxylesterase converting enzyme to SN-38, the active metabolite. Subsequently, SN-38 is glucuronidated in the liver and then excreted in the bile. The main carboxylesterase responsible for the activation of irinotecan is thought to be located in the liver; however, irinotecan is a relatively poor substrate for human liver carboxylesterase.

Carboxylesterase activity has been noted in human tissues, including various cancers, but it remains unclear how much this influences both the pharmacokinetics and the pharmacodynamics of irinotecan (10). A study of carboxylesterase in human colon tumors demonstrated a more than 100-fold variation in the levels of carboxylesterase (11). Although irinotecan has been standard first- or second-line therapy in colon cancer for over 15 years, we still do not reliably know whether carboxylesterase activity corresponds with response to therapy. Compared with the wealth of pharmacodynamic studies evaluating variation in glucuronidation and its effect on irinotcan toxicity, there is a relative dearth of studies evaluating carboxylesterase and response to therapy.

Capello and colleagues in the accompanying article investigated the value of carboxylesterase 2 (CES2) as a potential predictive marker for patients receiving neoadjuvant FOLFIRINOX. They hypothesized that high expression of CES2 would enhance efficacy of the FOLFIRINOX regimen. The authors found that CES2 was elevated in pancreatic cancer cell lines more so than other cell lines, but also with heterogeneity in expression levels. Over 60% of pancreatic cancer tissue samples taken from patients who did not receive neoadjuvant therapy expressed CES2, and over 40% of these patients demonstrated high CES2 expression.

They found higher CES2 expression in pancreatic cancer tissue compared with normal pancreatic tissue. Although they did not show this data, the authors found that CES2 was not prognostic, as survival did not differ between patients based on their CES2 expression. Importantly, the authors demonstrated an inverse relationship between CES2 activity and the half maximal inhibitory concentration (IC50) of irinotecan. Thus, as CES2 activity increased, the amount of irinotecan needed for a response decreased. The investigators then evaluated 22 patients with resected pancreatic cancer who had received neoadjuvant FOLFIRINOX prior to their cancer surgery. Higher levels of CES2 were associated with longer overall survival and progression-free survival. Tumor size and CES2 expression were the only predictors of overall survival.

We commend Capello et al. for their work. In an era where DNA signatures rule the day, the authors relied on basic pharmacology to find a potentially important biomarker. While precluding definitive conclusions because of the small sample size, the clinical findings were consistent with their laboratory results. The authors decided to concentrate on overall survival in patients undergoing preoperative therapy, presumably because of the availability of tissue and the uniformity of treatment, but this can be a very heterogenous group of patients.

Although it would have been reassuring to know that response rate correlates with CES2 expression, assessing response rates in patients with localized or borderline resectable cancers is fraught with difficulty because of inflammation around the tumor. Furthermore, recent work has demonstrated that radiographic response after preoperative FOLFIRINOX is unreliable (12).

Nevertheless, the findings from this manuscript open a world of possible investigations. It remains unclear whether CES2 expression fluctuates within an individual’s tumor and whether treatment with chemotherapy or radiation changes expression.

We also do not know whether CES2 expression differs in primary vs metastatic sites. The results of this work should encourage investigators to study how CES2 expression correlates with response to FOLFIRINOX in the metastatic setting, where it is most widely used. Additionally, these findings should be combined with the recent findings regarding platinum sensitivity in pancreatic cancer (8). Lastly, beyond pancreatic cancer, we need to determine the applicability of this approach in colon cancer and gastric cancer, where irinotecan is a standard therapy.

It is amazing that after nearly 15 years of use in the clinic, we still have much to learn about irinotecan. Furthermore, it is a welcome reminder that we need to understand the pharmacology of our drugs and how pharmacodynamic effects are influenced by both the normal and tumoral expression of metabolizing and activating enzymes. We look forward to the research and investigations that the findings from this manuscript will help motivate.

The authors have no conflicts of interest to disclose.
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