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U.S. Food and Drug Administration 
5515 Security Lane (Rockwall ll- Mailstop HFM-664) 
Rockville, MD 20825 

Re: 	 Unauthorized Use of Biologic and Notification of Finding of Serious and Continuing 
Noncompliance 

Dear Ms. Holobaugh: 

I write to follow up on our preliminary notification to FDA ofpotentially unauthorized use of a 
biologic. The University of California, Davis ("UCD") Institutional Review Board ("]RB") has now 
completed its investigation ofthe use of a biologic in the treatment of three glioblastoma patients 
without IRB or FDA approval and identified serious and continuing noncompliance associated with 
that treatment. 

Background 

Glioblastoma is the most common type of malignant brain tumor in adults; it is also the most 
deadly. 1 According to the National Cancer Institute, median survival is approximately 15 months 
from diagnosis.2 The five-year survival rate is under 5% and decreases with age: in older adults 
(those over the age of65) it is less than 2%.3 Many neurosurgeons have long believed, and although 
apparently unproven in prospective, randomized clinical trials, recent literature seems to suggest, that 

1 J.S. BarnhoItz-Sloan, A.E. Sloan, A.G. Schwartz, "Cancer of the Brain and Other Central Nervous System" in National 
Cancer Institute, SEER Survival Monograph, online at http://seer.cancer.gov/publications/survivallsurv_ brain.pdf (p. 
203). 
2 National Cancer Institute, Researchers Identify Distinct Subtypes ofGlioblastoma, online at 
http://www.cancer.gov/aboutnci/servingpeoplefcancer-research-progressladvancesftcga~lioblastoma. 

3 Central Brain Tumor Registry ofthe United States, online at http://www.cbtrus.orgf20II-NPCR-SEERlWEB-0407
Report-3-3-20 II.pdf. 

http://www.cbtrus.orgf20II-NPCR-SEERlWEB-0407
http://www.cancer.gov/aboutnci/servingpeoplefcancer-research-progressladvancesftcga~lioblastoma
http://seer.cancer.gov/publications/survivallsurv
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postoperative infection may confer a significant survival advantage to patients diagnosed with 
malignant glioma.4 

J. Paul Muizelaar, MD, is a UCD professor and currently serves as Chair of the UCD Health 
System's ("UCDHS") Department ofNeurosurgery; Rudolph J. Schrot, MD, is a member ofthe 
Department. In_ 2008, Dr. Schrot, working under Dr. Muizelaar's direction and on his behalf, 
approached Dr. Robert ("Skip") Nelson ofthe Office ofPediatric Therapeutics in the Office ofthe 
Commissioner at FDA about the possibility oftreating a_ glioblastoma patient with 
Enterobacter aerogenes to promote wound infection and, hopefully, extend_life. 
Essentially, the intervention involves an operative procedure during which a culture preparation is 
applied to an open wound. Because the purpose of the procedure is to produce a wound infection to 
attack the tumor, prophylactic and post-surgical antibiotics are intentionally withheld. Dr. Schrot 
cited isolated case reports oftumor regression and long term survival after concurrent infection with 
gram negative bacteria. Dr. Nelson responded that if the product were available, his suggestion 
would be that "you proceed under the strategy of innovative treatment rather than research." He 
noted, however, that if the product were available only under an IND, Dr. Schrot would need to work 
through FDA's Center for Biologics Evaluation & Research ("CBER") and pursue a single patient 
treatment IND.5 Dr. Schrot subsequently communicated with CBER staff in the Office of Cellular, 
Tissue and Gene Therapies, informing them that the bacteria would be obtained through the 
American Type Culture Collection ("A TCC"). After exchanging information concerning the_ 
disease and prognosis and the proposed treatment, CBER responded that animal studies were 
necessary "prior to entering into the clinic with your proposed therapy," noting that safety 
information and proofof concept would need to be established.6 

Dr. Schrot reported FDA's response to a UCD IRB chair, John Anderson, MD, bye-mail, explaining 
that "[t]here are very stringent criteria for any biologic to be tested in a human, which include a list 
of about 9 criteria which need to be satisfied in an animal model ... There is no such data currently 
available, and FDA cannot approve this trial in a human. I'm not sure where this leaves us at this 
point." Dr. Anderson responded: "I would interpret this to mean that the FDA (and us) won't allow 
this product to be used in humans without further testing. Though likely devastating to this family, 
there is logic to this determination. I would recommend you check with the company to see the 
extent oftesting in animals (and humans - though this is unlikely). Conceivably there is some 
information/prior testing. You could check for an alternative vendor or other researchers that may be 
doing the same or similar work. It may be that you will have to consider doing some ofthe 
background work." On_ 2008, Dr. Schrot notified IRB representatives and others at UCD 
that the protocol had been suspended "since the FDA, and hence the IRB, cannot currently approve 
the protocol without further pre-clinical studies to support the use ofan IND."7 

Drs. Muizelaar and Schrot strongly believed that the intervention with intentional wound infection 
was promising for patients who otherwise faced certain death, and therefore eventually pursued 

4 P. DeBonis, et aI., "Postoperative Infection May Influence Survival in Patients with Glioblastoma: Simply a Myth?" 

Neurosurgery 69:864-869, 2011, attached at Exhibit 1. 

5 Documentation of this exchange is attached as Exhibit 2. 

6 See Exhibit 3. 

7 See Exhibit 4. 
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preclinical work. Dr. Muizelaar arranged for internal funding of a graduate student to assist in the 
implementation ofa rat study under the oversight ofUCD's Institutional Animal Care & Use 
Committee ("IACUC"), as well as our Committee on Biosafety ("mC") under a Biological Use 
Authorization ("BUA") issued for use ofthe E. aerogenes bacteria on rat models.s The student 
worked in a campus research laboratory to culture E. aerogenes bacteria procured from A TCC of 
Manassas, Virginia, under a material transfer agreement ("MTA") that provided the materials would 
be used only in the recipient's lab and specified the materials were not intended for human use.9 Drs. 
Muizelaar and Schrot have stated that they were unaware of the MTA and its restrictions, possibly 
because the procurement had been handled by the laboratory. 

Events Triggering UCD '8 Investigation 

In the_of2010, Dr. Muizelaar encountered a____ patient with recurrent 
glioblastoma in the brainstem who had been gen~eatment option that had been 
considered for the_ patient in 2008. The patient requested treatment by wound infection and 
Dr. Muizelaar agreed to pursue that approach. On_ 2010, again at Dr. Muizelaar's 
direction, Dr. Schrot contacted VCD's IRB Director to discuss a single adult patient in immediate 
need ofpotentially life-saving care. He provided information about the 2008 proposed protocol and 
recommended innovative treatment approach and, in response to the IRB Director's questions, stated 
that the bacteria had been cultured in a UCD lab; the one-time procedure would be undertaken solely 
in the course of practice of medicine and was not associated with any research aims; and no standard 
acceptable treatment alternative was available to the patient. 10 The IRB Director concluded in light 
ofall of the above information and consistent with Dr. Nelson's suggestion, that the proposed 
unconventional treatment was "innovative care" not subject to IRB or FDA oversight. He did, 
however, suggest that approval be sought from UCD Medical Center's ("UCDMC") Chief Medical 
Officer prior to performing the surgery and noted that subsequent use ofthe bacteria may require 
IRB and FDA review.! I 

Dr. Muizelaar informally pursued that clinical approval, notifying the CMO ofthe patient and. 
prognosis, and informing the CMO that the IRB had determined the proposed clinical approach was 
not research. The CMO, believing he had the IRB's concurrence, recommended caution and clear 
informed consent, but authorized Dr. Muizelaar to proceed with his proposed treatment plan. 12 On 
_ 2010, Patient #1 consented to treatment, expressly acknowledging. understanding 
that: the treatment was untested, that it might be totally ineffective, and that it could cause further 
illness, coma, and even death.13 The next day, an operative procedure was performed during which 
E. aerogenes bacteria originally procured from A TCC but cultured in a UCD lab was administered to 
promote wound infection. Patient #1 initially followed commands postoperatively and an imaging 
study showed apparent replacement ofthe tumor with an infection. In the weeks following surgery, 

8 See Exhibit 5 (IACUC Protocol) and Exhibit 6 (BUA). 

9 See Exhibit 7. 

\0 The IRB's subsequent investigation revealed that ATCC was in fact the original source of the bacteria that were 

subsequently cultured in a local lab. Dr. Schrot has explained that he understood that, although the bacteria had 

originated at ATCC, they had been passaged several times in the laboratory, and therefore were now of 'local' origin. 

II See Exhibit 8. 

12 See Exhibit 9. 

13 See Exhibit 10. 


http:death.13
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however, Patient # 1 stopped responding to verbal commands and exhibited signs of sepsis. 
Antibiotics were instituted .• did not improve neurologically and failed to thrive .• was 
eventually placed on comfort care and died on_ 2010, approximately 6 weeks after 
treatment, having developed tumor progression in. brain stem, as would have been expected 
without further intervention. Glioblastoma was determined to be the cause ofdeath. 14 

During this period, Dr. Muizelaar encountered a second_ patient, ___, whom 
he thought might benefit from the same treatment regimCi1{"Piitient #2"~ot to 
again approach the IRB Director, and Dr. Schrot did so. The IRB Director recommended IRB and 
FDA review, citing in part the agency's recently released draft guidance addressing the need for an 
IND in certain clinical investigations 
(http://www . fda.gov /downloads/ drugs/ guidancecomplianceregulatoryinformation/guidances/ucm229 
17S.pdf). In an e-mail response, Dr. Schrotwrote, "[Dr. Muizelaar and I] completely agree that 
continued treatment should involve IRB approval in the context of a clinical trial, and we would 
absolutely like to move forward with conducting a pilot study."15 The IRB Director has stated that 
he understood that no further patients would receive treatment without IRB or FDA review; Drs. 
Muizelaar and Schrot have stated that they understood the exchange to apply to future prospective 
patients but not to Patient #2, and believed that they had clearance to proceed with intentional wound 
infection for Patient #2. 

On_, 2010, Dr. Schrot, still working under Dr. Muizelaar's direction, instructed the 
research laboratory to prepare bacteria for administration to Patient #2, stating that the IRB Director 
had "given us cautious clearance to do this. After this, we will need an IND from the FDA to further 
proceed with clinical work."16 Later that same day, the IRB Director recommended that an IND be 
pursued and requested that UCD's Clinical Translational Science Center ("CTSC") provide 
assistance, explaining: "Dr. Schrot has a project which will require an IND submission. It's possible 
that during the pre-IND process, the FDA could determine no IND is needed. Notwithstanding, I 
was hopeful that you could provide him guidance as to how to utilize the services of the CTSC in this 
regard. This is investigator-initiated and for a treatment IND." Dr. Schrot was copied on the 
message. The CTSC manager responded the next day that she would be happy to assist and directed 
Dr. Schrot to the unit's information website at 
http://www.ucdmc.ucdavis.eduictsc/investigators/indiP Patient #2 consented to and underwent the 
procedure on_ 2010 without formal IRB approval and without notification to the 
CM0.18 Subsequent discussions resulted in an explicit directive from the CMO not to proceed with 
additional cases absent formal IRB approval. The IRB Director was unaware that treatment of 
Patient #2 had proceeded. 

Patient #2 remains alive today 
experienced a reduction in tumor 
callosum. _ was last seen in clinic on 

_has 
tumor that previously involved the corpus 

2011, where skin breakdown was observed 

14 See Exhibit 11. 
15 See Exhibit 12. 
16 See Exhibit 13. 
17 See Exhibit 14. 
18 See Exhibit 15 (consent forms) and Exhibit 16 (operative report and discharge summary). 

http://www.ucdmc.ucdavis.eduictsc/investigators/indiP
http://www
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over. incision. During that visit,. was described as having "dense expressive aphasia, but is 
otherwise fairly cognitively intact and can respond to yes-no questions very reliably .• denies any 
pain, headaches, new weaknesses, fevers, chills, nausea, emesis, or other new symptoms." • was 
thereafter admitted to the hospital with a wound infection, and has undergone removal ofthe cranial 
hardware and primary closure of the wound. Antibiotics were finally instituted on_2011, 
over ten months after the intentional wound infection surgery on 2011. 

Early this year, as required by University policy, 19 Drs. Muizelaar and Schrot submitted a Record of 
Invention for the bacterial intervention to UCD's technology transfer office. A few weeks later, a 
___ patient of Dr. Muizelaar's who had been newly diagnosed with glioblastoma (Patient #3) 
~ discussion ofprognosis and standard treatment options, whether there was "anything else 
which could be done." Dr. Muizelaar had concluded that the tumor's location and its extensive 
volume indicated a particularly poor prognosis for this newly diagnosed glioblastoma, and felt 
ethically obligated to discuss all potential options that he believed, in exercising his medical 
judgment, had promise. Accordingly, Patient #3 and. family were provided information about 
intentional wound infection and the responses of Patients #1 and #2. Patient #3 and. family urged 
treatment with this approach and. consented to and underwent surgery on __2011.20 • 

was slow to wake from surgery and became encephalopathic .•was supportedTritlie ICU and at 
one week post-surgery was hemodynamically stable, alert, and oriented, with symmetrical strength in 
the arms and legs. Over the course ofthe next week, however,. mental status waxed and waned . 
• developed oronasal herpes, deep vein thrombosis, and sepsis with blood cultures positive for . 
Enterobacter. Antibiotics were instituted. On_2011,. suddenly developed fixed, non
reactive pupils. An external ventricular drain was placed and pus was found in the ventricles .• 
family elected to withdraw support, and. passed away on_2011, having suffered 
bacteremia with E. aerogenes. Uncal herniation was seen at autopsy.21 

During this period (but before Patient #3 developed sepsis and meningitis), Dr. Muizelaar, with Dr. 
Schrot's assistance, pursued approval from an ad hoc ethics committee to proceed with treatment by 
intentional wound infection offive additional patients without IRB or FDA approval. On_ 
2011, they submitted a "Prospectus" to the committee as an aid to its deliberations.22 The Prospectus 
summarized the literature on "laudable pus" and long-term survival of patients who had suffered 
unintended wound infections, and also their own experience at UC Davis with Patients 1,2, and 3. 
With respect to the latter patient, it included this description: "In Case 3 it is too early to draw 
conclusions, however the patient is currently doing very well and rapidly recovering from the 
treatment stress. None of the patients have developed sepsis or meningitis.23 We propose that on 
ethical grounds, in light of the dismal prognosis for glioblastoma, additional judicious use of the 
method in a limited number ofpatients is warranted." It was on that same day that Patient #3 
suddenly and precipitously deteriorated. When the IRB Director learned of the ethics consult and 

19 See http://www.ucop.edulucophome/policieslbtb/g40.html. 

20 See Exhibit 17. 

21 See Exhibit 18. 

22 See Exhibit 19. 

23 Drs. Muizelaar and Schrot have since explained that sepsis in Patient #1 was never confirmed by blood culture and that 

they did not believe Patient #1 to have developed sepsis post-operatively when they drafted the Prospectus. UC Davis 

has concluded, however, that Patient #1 did, in faet, develop sepsis post-operatively. Patient #3 also developed sepsis, 

but only after the Prospectus had been submitted to the ad hoc ethics committee. 


http://www.ucop.edulucophome/policieslbtb/g40.html
http:meningitis.23
http:deliberations.22
http:autopsy.21


Patricia A. Holobaugh 
October 17,2011 
Page 6 

proposal to continue treatment with additional patients, he issued an explicit cease and desist 
directive and initiated an investigation.24 

IRE Findings and Corrective and Preventive Actions 

After investigating the facts and circumstances of the treatment of Patients 1,2, and 3 and soliciting 
the physicians' perspectives, the IRB has engaged in extensive deliberations and reached the 
following conclusions: 25 

• 	 Dr. Schrot's incorrect statement concerning the provenance ofthe E. aerogenes bacteria led IRB 
staff to determine incorrectly that Patient # l' s treatment did not necessarily require IRB or FDA 
review. (Dr. Schrot has explained that he did not appreciate that the original source ofthe 
bacteria was relevant given that the cultures used at the medical center were not technically 
transported across state lines, and also noted that there was no intent at the time ofpurchase to 
use the bacteria in humans.) 

• 	 Treatment of Patients #2 and #3 with an unapproved biologic constituted human subjects 
research without IRB review and approval, in violation of established IRB policies and 
institutional requirements. (Dr. Muizelaar points to statements made by the IRE Director to Dr. 
Schrot that he [Dr. MUizelaarJ interpreted as advisory only and not definitive as supportfor his 
decision to proceed) 

• 	 The above actions and omissions constituted serious and continuing noncompliance reportable to 
FDA under 21 C.F.R. § 56.1 08(b). (Drs. Muizelaar and Schrot have emphasized that at all times 
they believed they were acting in the best interests oftheir patients; and that they never intended 
to violate any rules. They point as further evidence in support ofthe ir clinical judgment to a 
recent publication in the journal Neurosurgery describing a retrospective study ofJ97 patients 
with newly diagnosed glioblastoma: the -5% who developed postoperative infection experienced 
a significant survival benefit [median survival 30 months versus J5 months for patients who did 
not suffer infections). Patients who did not develop postoperative infections had an adjusted 
hazard ratio for death of2.3. See Footnote #4.) 

The IRB recognizes that certain systemic issues may have contributed to the errors made and has 
worked closely with UCD Medical Center leadership to develop a series of improvements intended 
to avoid any future recurrence. These are summarized below and relevant documents are attached 
for your reference. 

• 	 Immediate Institutional Measures to Assure Patient Safety 

" 	 Both the IRB and the CMO have expressly directed Drs. Muizelaar and Schrot not to use E. 
aerogenes nor perform similar procedures using any unapproved substance without IRB and 
FDA review. 

24 See Exhibit 20. 
25 See Exhibit 21. 

http:investigation.24
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" 	 On September 16,2011, the IRB preliminarily directed Drs. Muizelaar and Schrot to 
immediately halt new enrollment on any human research (including any clinical 
investigation) on which either serves as investigator; and to provide the IRB with a report on 
all research on which they serve as investigator or sub investigator, describing their respective 
specific roles on the research. In its final determination on this matter, the IRB ordered both 
physicians to halt all research activities except as necessary to protect the safety and welfare 
of research participants, as determined by an ad hoc IRB subcommittee consisting ofthe 
chairs and vice chairs of the UC Davis clinical IRBs. 

" 	 The IRB has referred the case to other campus administmtive units for additional 
investigation and potential corrective action as follows: (i) the Committee on Biosafety 
relevant to potential violations of institutional biosafety policies; (ii) the UCD Health System 
regarding the use in a surgical setting ofan unapproved biologic cultured in a research lab; 
and (iii) UCD Campus Academic Personnel for potential violations ofthe Faculty Code of 
Conduct.26 

• 	 Additional Institutional Measures to Prevent Recurrence 

" 	 The UCD Medical Center has developed a new Innovative Use Policy designed to avoid any 
future confusion regarding the applicability ofFDA regulations to locally manufactured drugs 
and devices. The policy, as drafted, expressly prohibits any use of a non-FDA approved 
drug, biologic, or device without formal IRB and, as required, FDA approval - regardless of 
the purpose ofthe use. The policy will be submitted to the appropriate committees for review 
and approval and a final policy is expected to be approved and implemented before the end of 
the year. Once approved, it will be communicated to all medical staffmembers.27 

" 	 The institution's Office ofGeneral Counsel has developed a detailed Expanded Access 
advisory, which will be distributed to all UCD medical staff leaders, department chairs, and 
division chiefs, as well as IRB members and staff when completed, no later than December 1, 
2011. The advisory provides explicit guidance consistent with regulations and guidance 
issued by FDA in 2009, including instructions for submission of an emergency or single 
patient IND application to the agency and development of an appropriate informed consent 
form.28 

• 	 Additional Individual and Departmental Actions to Prevent Recurrence 

" 	 As directed by the IRB, Dr. Muizelaar is working to accomplish an orderly transition ofall 
clinical investigations on which he currently serves as sponsor or investigator to colleagues 
with appropriate training, qualifications, and experience. 

26 See Exhibit 22. 
27 See Exhibit 23 (draft policy). 
28 See Exhibit 24 (draft advisory), 

http:staffmembers.27
http:Conduct.26
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" 	 Dr. Schrot has registered to participate in FDA's Clinical Investigator Training Course 
November 7-9, 2011 to assure he possesses the requisite knowledge to perform future studies, 
if and as permitted by the IRB 
(http://www.fda.gov/ScienceResearch/SpeciaITopics/CriticaIPathlnitiative/SpotiightonCPIPr 
ojects/ucm201459.htm). Dr. Muizelaar, who is committed to supporting departmental efforts 
to assure and promote good clinical practice in connection with all clinical investigations, has 
granted Dr. Schrot protected time for this training and the Department will reimburse Dr. 
Schrot's expenses incurred in connection with his attendance. Before accepting 
responsibility as sponsor or investigator on a clinical investigation in the future, Dr. Schrot 
will work with the appropriate oversight bodies to develop a mentoring plan that assures 
compliance with current Good Clinical Practice standards and other IRB and FDA 
requirements. 

Ifthe institution's further investigations identify additional opportunities for improvement, these will 
be pursued. 

Please contact Elodia Tarango at (916) 709-9154 or elodia.tarango@ucdmc.ucdavis.edu if you 
require additional information concerning this matter. 

Sincerely, 

~. 	 .!~,~~a~ 
Harris A. Lewin, Ph.D. 
Vice Chancellor for Research and 
Institutional Official 

HLlrn 
Enclosures 

cc: John Anderson, MD, IRB Co-Chair 
David Asmuth, MD, IRB Co-Chair 
J. Paul MuizeIaar, MD, Chair, Department ofNeurosurgery 

Teresa Porter, Chief Compliance Officer 

Rudolph J. Schrot, MD, Assistant Professor 

Elodia Tarango, Interim IRB Director 


mailto:elodia.tarango@ucdmc.ucdavis.edu
http://www.fda.gov/ScienceResearch/SpeciaITopics/CriticaIPathlnitiative/SpotiightonCPIPr
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