Appendix 1: Extensive Review of HEM-0115 Study 
Reference 1, Jahr et al, J Trauma 2008
The HEM-0115 Phase III prospective randomized single-blind trial included 688 patients scheduled for elective orthopedic surgery who were randomized at first transfusion decision to Hemopure (13 g/dl hemoglobin in 250 ml) or erythrocytes treat surgery-related anemia. Transfusion thresholds included [THb] of <10.5 g/dL and a patient with at least one of the following clinical signs:  heart rate 100 bmp; SBP <90 mm Hg or <70% of preoperative screening value; electrocardiogram evidence of myocardial ischemia; metabolic acidosis (Base Deficit -4 or worse); acute blood loss >7 mL/kg within 2 hours or less; oliguria with urine output <0.5 mL/kg/hour for at least 2 hours.  

Once treatment was initiated with a 2-unit (500ml) loading dose of HBOC-201, additional treatment was permitted for up to six days to a total of 10 units HBOC-201 (130 g hemoglobin) using the same criteria as for enrollment.  Need for continuing oxygen transport beyond 10 units of HBOC-201 was met by crossing-over HBOC-201 randomized patients to erythrocytes. The primary endpoints were transfusion avoidance and blinded assessment of safety non-inferiority. The designs of this Phase III study required that limits were placed on the amount of HBOC-201 clinical test material used. In severe hemorrhage, after limits of HBOC-201 use were met, patients were crossed over to receive erythrocyte.  The clinical trial scenarios simulated circumstances where HBOC-201 was used until erythrocytes became available to replace moderate (≤3 units erythrocytes) blood loss for elective surgery.

Among 350 HBOC-201 patients in the HEM-0115 trial, 96.3% avoided erythrocyte transfusion at Day 1, 70.3% at Day 7 and 59.1% at 6 weeks after surgery. A summary of overall medical risk assessment for the intent to treat, determined by blinded review of patient medical records and adverse events by treatment group, showed the overall odds ratio for adverse events was 1.41- 1.43 between groups. Ten deaths occurred in patients randomized to HBOC-201 and six in the patients randomized to PRBC (p =0.450).  No deaths in either treatment group were categorized as associated with either treatment.

Mean baseline hematocrits of the 350 (50.9%) subjects treated with HBOC-201 and the 338 (49.1%) subjects treated with HBOC-201 were both 28% (1). In both treatment groups, low total Hb in the presence of restricted subject activity was the reason most often documented for the first transfusion decision followed by tachycardia (greater than 100 beats/minute).  The primary efficacy endpoint was achieved with 59.4% of the subjects in the HBOC-201 group, avoiding erythrocyte transfusions throughout the entire 6-week study period. Considering the intent to replace up to 6 units of erythrocytes by up to 10 units of HBOC-201, the actual rate of full blood avoidance was even higher since only 317 (93.8%) of subjects in erythrocyte arm received 6 or less units.

Examining the laboratory studies in the HEM-0115 study, the investigators found no difference in acid-base parameters, albumin, total bilirubin, alkaline phosphatase, lactate dehydrogenase, glutamyl transferase, and glucose between treatment groups (1). However, the investigators did find an elevated total protein at follow-up in the HBOC-201 group, as well as an increase in aspartate aminotransferase and alanine aminotransferase. Lipase was increased in the HBOC-201 group in 5-11% of patients, versus 1-2% of patients in the erythrocyte group. Creatinine was increased >25% over baseline in 12 patients (6%) in the HBOC-201 group versus 3 patients (2%) in the erythrocyte group.

Appendix 2: Summary of Hemoglobin Deficit Hypothesis 

Summary of His Presentation at American Society of Clinical Pharmacology and Therapeutics (ASCPT) 2008, Orlando, FL, by Arkadiy Pitman, MS, and Chapter 6: Resurrecting a Failed Clinical Program, in: Mathematical and Statistical Skills in the Biopharmaceutical Industry: A Pragmatic Approach, by A Pitman, O Sverdlov, and LB Pearce, Chapman and Hall/CRC Biostatistics Series, 2020, pages 133-158.  https://www.routledge.com/Mathematical-and-Statistical-Skills-in-the-Biopharmaceutical-Industry-A/Pitman-Sverdlov-Pearce/p/book/9780367779511?gclsrc=aw.ds&utm_source=cjaffiliates&utm_medium=affiliates&cjevent=6fe3a3068c6f11ec819136bd0a1c0e0d (Accessed 2.12.22)
To assess the relationship between inadequate management of anemia and the risk of adverse events, two numerical descriptors were used to define ‘Hb deficit’: NegArea (g/dL*hours) and AVGNegArea (NegArea/Time, g/dL) (Figure A). Negative area (NegArea) was defined as the total accumulated area below a Clinically Significant Low (CSL) Hb concentration that occurred in patients over the interval of interest.  For example, the interval of interest for analysis of AEs is the start of first treatment with CTM through the time when the AE occurred. Thus, for each patient, the negative area (g/dL*hours) below this CSL Hb threshold was accumulated to the point in time that an adverse event occurred or through the interval of interest.  
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Figure A: Negative Area.  In this example, the three filled areas under the Clincially Significant Low (CSL) Hb concentration are added to give the total negative area. Assuming the three areas are designated as sum (S) S1, S2, and S3, and the hypothetical interval of interest with length T=16 hours, then the following equations describe these two numerical descriptors of Hb deficit;


S (NegArea) =

S1+S2+ S3 = 1.9 + 10.9 +9.1 = 21.9 (g/dL*hours)


Savg(AVGNegArea) = 
S/T=21.9/16 = 1.37 (g/dL) 
The total negative area (NegArea) provides a numerical estimation of the magnitude of the Hb deficit, whereas AVGNegArea reflects the intensity of this deficit. This time averaged negative area determined for each patient was used in the logistic and proportional hazards analyses.

Table A1 summarizes the relationship between the two measures of Hb deficit and the occurrence of AEs and SAEs.  The total negative area and time averaged negative area are 3 to 4-fold higher in the HBOC-201 group than in the pRBC group.  There was also a greater number of AEs and SAEs per patient and a greater ratio of patients with AEs and SAEs, suggesting a relationship between Hb deficit and AEs and SAEs.

Table A1:  Hb Deficit and Occurrence of AEs and SAEs

	 Group
	HBOC-201
	pRBC

	 N
	350
	338

	 Mean of AVG Neg Area 
	1.31
	0.45

	 Mean of Neg Area
	175.41
	50.46

	 AVG Number of AEs per Pt
	8.47
	5.93

	 AVG Number of SAEs per Pt
	0.34
	0.25

	 Ratio of Pts with AEs 
	0.95
	0.91

	 Ratio of Pts with SAEs 
	0.25
	0.17


(Appendix 2, SAS Output 3)
Anemia has been associated with cardiac and CNS adverse events, particularly in patients with a history of cardiac disease.  Thus, the incidence of AEs and SAEs in patients with lower THb concentration might be increased compared with patients having more normal THb concentrations.  To test this hypothesis, logistic and proportional hazards analyses were applied to the HEM-0115 study data. The relationship of the Hb deficit to the risk (odds/hazards ratio) of having an adverse event was examined along with the covariates “history of cardiac disease,” “age,” “sex,” and “treatment with HBOC-201” in various combinations in different models. The first three covariates were selected because they are known risk factors for cardiac adverse events.  The set of cardiac adverse events that were considered to potentially relate to periods of low THb concentration or periods of ischemia are referred to as “AECardiac” and are summarized in Table A2.

Table A2:  Cardiac Adverse Events Defined as AECardiac
	Angina Pectoris
	Electrocardiogram S-T Change Nos

	Angina Unstable
	Electrocardiogram T Wave Abnormal

	Blood CK-MB Increased
	Electrocardiogram T Wave Amplitude Decreased

	Cardiac Arrest
	Electrocardiogram T Wave Inversion

	Cardiac Enzymes Increased
	Myocardial Infarction

	Cardiac Troponin T Increased
	Myocardial Ischaemia

	Cardio-Respiratory Arrest
	Sudden Death Unexplained

	Chest Pain Nec
	Trigeminy

	Chest Tightness
	Ventricular Arrhythmia Nos

	Electrocardiogram S-T Segment Depression
	Ventricular Extrasystoles

	Electrocardiogram S-T Segment Elevation
	Ventricular Tachycardia


      See  Report #RAQBIO00202 (Appendix 3).

In models examining Hb deficit without including a history of cardiac disease as a covariate, interval averaged Hb deficit (total negative area divided by time) did not contribute significantly (p ≥0.219) to the risk of cardiac adverse events (AECardiac) in the population.  This finding is consistent with the knowledge that healthy individuals are able to tolerate relatively low THb concentrations.  In these same models, age (by decade compared to age 60) increased risk (Odds Ratio (OR) = 1.29, p ≤0.04) of AECardiac and being female significantly reduced (OR = 0.53-0.58, p ≤ 0.026) the risk of AECardiac.  These latter two findings agree with the evidence-based literature.11
In models with “history of cardiac disease” incorporated, history of cardiac disease was a significant predictor (p ≤ 0.005, OR = 2.10-2.18) of increased risk of AECardiac. Additionally, in the final model with history of cardiac disease, Hb deficit became a significant predictor of the risk of ischemic cardiac disease (p= 0.043, OR = 1.30).   When Hb deficit was evaluated as a categorical variable with a cut-off of 1.37 g/dL,
 Hb deficit demonstrated an OR = 1.84 (p = 0.035) for the risk of AECardiac compared to the rest of the population. The OR for the final model is summarized in Table A3.  For example, patients who were 70 years of age, had a history of heart disease, and a Hb deficit greater than 1.37 g/dL would have a 4.73 times greater risk of having AECardiac than individuals aged 60, without heart disease, and a Hb deficit ≤ 1.37 g/dL.  

Table A3  Logistic Model Summary for AECardiac
	Covariate
	Odds Ratio
	p-value

	Age
	1.20
	0.046

	History of Cardiac Disease
	2.14
	0.004

	AVGNegArea >1.37 g/dL
	1.84
	0.035

	HBOC-201
	1.15
	0.603


The most important finding is that HBOC-201 is not a significant (p = 0.603) indicator of risk, in the final model including age, history of cardiac disease, and Hb deficit. Although treatment with HBOC-201 contributed to the Hb deficit and the increased risk of AEs and SAEs, there was no evidence of contribution to risk associated with being in the HBOC-201 treatment group provided that the Hb deficit was taken into consideration.  

The results of proportional hazards analysis did not reveal any additional correlations between the covariates and AECardiac and the results were consistent with the logistic models analysis.
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� 1.37 g/dL Hb deficit represents the 90th percentile in the RBC group and the 50th percentile in the HBOC-201 group). 





