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Part I
Background Review



Multiple Challenges Remain on the HIV front

Inflammatory state

Life-long treatment 

Treatment toxicity

Patient adherence issues

Quality of life

Immune ageing and senescence 

Development of viral resistance



Rise in antimicrobial resistance (AMR) is 
one of the greatest threats to global health
WHO report indicates that an increasing 
number of countries are reaching the 10% 
threshold of PDR HIV drug resistance to 
NNRTI and people who have had previous 
exposure to antiretroviral drugs are three 
times more likely to demonstrate resistance 
to the NNRTI drug class.
Nearly half of infants newly diagnosed with 
HIV carry drug-resistant HIV before initiating 
treatment

Background



MDR HIV is a clinical conundrum

Our case report shows that HIV-1 
multidrug cross-resistance remains an 
important concern, despite the extensive 
number of antiretroviral drugs currently 
available. Highly treatment-experienced 
patients, especially those who have been 
given suboptimal combination ART, can 
develop highly complex resistance-
associated mutation patterns, conferring 
cross-resistance to all widely available 
ARTs.

We report findings from heavily treatment-
experienced PLWH with a pan-resistant HIV-1 
infection, who achieved virological control 
once introduced injections of ibalizumab, 
that is free from cross-resistance with all the 
antiretroviral drugs available and ensures 
patient adherence due to a close monitoring 
attributable to the route of administration, 
combined with recycled enfuvirtide and an 
optimized background regimen. 
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Ibalizumab 
• Domain 2-specific
• Affinity 0.082 nM 



Summary of Ibalizumab (Trogarzo) Trial
Humanized IgG4 (does not block binding of HIV to CD4)
Baseline plasma viremia 4.5 log10 copies/ml and CD4 count 150 
cells/µl (n=31 receiving optimized background regimen)
43% of the study participants achieved plasma viremia of <50 
copies/ml
50% of the study participants achieved plasma viremia  of <200 
copies/ml
9/10 who did not respond to the study drug had a lower degree of 
susceptibility to Ibalizumab (loss of N-linked glycosylation in the V5 
loop of HIV gp120) 
Four patients died due to underlying illnesses (1 had IRIS, possibly 
related to Ibalizumab)

B Emu et al., N Engl J Med, 379:645-654, 2018
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Summary of Fostemsavir Trial
Temsavir, the active metabolite of fostemsavir, was the first-in-class 
attachment inhibitor that binds directly to the viral envelope 
glycoprotein 120 (gp120), close to the CD4+ binding site
A total of 371 patients were treated, including 272 in the randomized 
cohort and 99 in the nonrandomized cohort
At week 48, a virologic response (HIV-1 RNA level, <40 copies per 
milliliter) had occurred in 54% of the patients in the randomized cohort 
and in 38% of those in the nonrandomized cohort; the mean increase 
in the CD4+ T-cell count was 139 cells per cubic millimeter and 64 
cells per cubic millimeter, respectively
In the randomized cohort, glycoprotein 120 (gp120) substitutions were 
found in 20 of 47 patients (43%) with virologic failure

M Kozal et al., N Engl J Med, 382:1232-1243, 2020
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Summary of Lenacapavir (CAPELLA) Trial
Lenacapavir is a first-in-class inhibitor of HIV-1 capsid function
A total of 72 patients were enrolled, with 36 in each cohort
In cohort 1, a decrease of at least 0.5 log10 copies per milliliter in the 
viral load by day 15 was observed in 21 of 24 patients (88%) in the 
lenacapavir group and in 2 of 12 patients (17%) in the placebo group
At week 26, a viral load of less than 50 copies per milliliter was 
reported in 81% of the patients in cohort 1 and in 83% in cohort 2, 
with a least-squares mean increase in the CD4+ count of 75 and 104 
cells per cubic millimeter, respectively.
In both cohorts, lenacapavir-related capsid substitutions that were 
associated with decreased susceptibility developed in 8 patients 
during the maintenance period (6 with M66I substitutions)

S Segal-Maurer et al., N Engl J Med, 386:1793-1803, 2022



Potential Role of Broadly Neutralizing HIV-Specific  
Antibodies in the Prevention and Treatment of HIV 
Infection

HIV-infected
individual

Cloning of 
HIV-specific

B cells

Sequencing
and production 
of HIV-specific 

antibodies 
(>200 bNAbs)

Passive transfer 
of bNAbs in humans
• Prevention of 

HIV transmission
• Long-term 

suppression of HIV 
in the absence of 
ART
• Clearance of HIV 

reservoirs and 
induction of anti-
HIV immune 
responses

2nd generation bNAbs that are 
currently being investigated in 

clinical trials
Modified from M Caskey et al, Nat Med, 25:547-553, 2019
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Combination anti-HIV 
antibodies provide sustained 

virologic suppression
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CD4 CCR5

1
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Ibalizumab 
• Domain 2-specific
• Affinity 0.082 nM
• FDA-approved for 
MDR HIV  

UB-421
• Domain 1-specific
• Affinity 0.057 nM 

Targeting Human CD4 to Suppress HIV
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Effect of Anti-CD4 
Antibody UB-421 on 
HIV-1 Rebound after 

Treatment Interruption



Effect of Anti-CD4 Antibody UB-421 on Plasma 
Viral Rebound in HIV-Infected Individuals 
Following Treatment Interruption

C Wang et al., N Engl J Med, 380:1535-1545, 2019
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Capacity of bNAbs to Suppress Infectious HIV Isolates 
(>800 isolates from 90 infected individuals)

Confidential data, manuscript in process



Baseline Characteristics of Study Participants

NRTIs NNRTIs PIs INSTIs
1 24 F African American 84,626 16 2 599 73 R R R S
2 54 M Caucasian 39,950 23 1 1896 84 R R R R
3 50 M African American 143,379 222 20 610 55 R R R R
4 42 M African American 11,464 4 1 197 46 R R R R
5 44 M African American 80,156 42 4 593 57 R S R R
6 26 F African American 49,585 69 7 550 56 R R R S
7 52 M Hispanic 43,873 48 2 1071 45 R R R R
8 50 F African American 99,051 13 1 403 32 R S R R
9 61 F African American 33,669 42 5 535 63 R R R S

10 29 M African American 73,265 16 2 512 64 R R R S
11 52 M Caucasian 5,053 149 13 655 57 R R R R

Median 49,585 42 2 593 57
R, resistant; S, sensitive

Genotype predictionStudy 
participant Age Sex

Race or
ethnic 
group

Plasma 
Viremia

(copies/ml)

CD4+ T 
cell count 
(cells/µl)

% CD4+ 

T cells

CD8+ T 
cell count 
(cells/µl)

% CD8+ 

T cells

Confidential data, manuscript in process
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Summary and Conclusions

Evaluation of the sensitivity of replication-competent 
HIV to clinically available bNAbs could potentially lead 
to a new therapeutic avenue for infected individuals 
with multi-drug resistant (MDR) virus

Anti-CD4 antibody UB-421 with optimized background 
therapy may allow sustained suppression of plasma 
viremia in HIV-infected individuals carrying multi-drug 
resistant virus

Drugs in the pipe-line include GSK2838232 
(maturation inhibitor) and Albuvirtide (long-acting 
fusion inhibitor)



Part II
UB-421 Clinical Trial



Study Proposal

Single arm Open Label Phase 2 trial  

To evaluate the efficacy and safety of UB-421 in conjunction 
with an existing failing antiretroviral therapy (ART) for 2 
weeks followed by optimized background therapy (OBT) in 
conjunction with UB-421 for 24 weeks 

Study includes infected individuals with Multi-Drug resistant 
HIV-1 infection



A Single arm Open Label Phase 2 trial of anti-CD4 antibody 
UB-421 in Patients with Multi-Drug Resistant HIV-1 Infection  

10 adults with human immunodeficiency virus (HIV) who 
demonstrate evidence of HIV-1 replication despite ongoing ART 
with documented genotypic and/or phenotypic resistance to 
multiple classes of HIV drugs (3 classes or more) 

Study Population:



A Single arm Open Label Phase 2 trial of anti-CD4 antibody 
UB-421 in Patients with Multi-Drug Resistant HIV-1 Infection  

Study Design:



A Single arm Open Label Phase 2 trial of anti-CD4 antibody 
UB-421 in Patients with Multi-Drug Resistant HIV-1 Infection  

Primary Objectives:
To assess the antiviral activity of UB-421 in reducing HIV-1 
plasma viremia during the 2-week functional monotherapy 
treatment period 
To assess the safety of UB-421 during the treatment phase 

Secondary Objectives:
Evaluate the antiviral activity of UB-421 during the 24-week 
maintenance treatment period 
Evaluate changes from baseline in CD4+ and CD8+ T cell counts 
during the UB-421 treatment period 
Evaluate Evaluate the pharmacokinetic parameters of UB-421 
Evaluate the immunogenicity of UB-421 by the presence of anti-
UB-421 antibodies 



A Single arm Open Label Phase 2 trial of anti-CD4 antibody 
UB-421 in Patients with Multi-Drug Resistant HIV-1 Infection  

Primary Efficacy Endpoint:
Proportion of participants with ≥0.5 log10 reduction in HIV-1 
plasma viremia from baseline (Day 7) to Day 21  

Primary Safety Endpoint:
The rate of occurrence of grade 2 or higher adverse events 
(AEs), including serious adverse events (SAEs), which are 
probably or definitely related to UB-421 



A Single arm Open Label Phase 2 trial of anti-CD4 antibody 
UB-421 in Patients with Multi-Drug Resistant HIV-1 Infection  

Secondary Endpoints:

Proportion of participants achieving ≥1 log10 reduction in HIV-1 
plasma viremia from baseline (Day 7) to Day 21 
Percentage of participants achieving HIV-1 plasma viremia <40 
copies/mL at the end of treatment (EOT-Study week 27).
 Percentage of participants achieving HIV-1 RNA <200 copies/mL 
at the EOT 
Mean change in CD4+ and CD8+ T cell counts from baseline 
(Day 7) to EOT for all evaluable subjects 
Measured levels of anti-UB-421 antibodies in blood samples 
Measured levels of serum UB-421 concentration (pharmacokinetic 
parameters) in participant blood samples 



Inclusion Criteria 
Ability to provide informed consent
Age 18 years or older
Have a life expectancy that is > 6 months
HIV-1 seropositive
Have a history of being treated for at least 6 months with ART
Plasma HIV-1 RNA ≥ 1,000 copies/mL at the Screening visit 
Baseline CD4+ T cell counts of >350 cells/mm3 
Documented genotypic or phenotypic resistance to at least one antiretroviral drug within three 
or more drug classes of antiretroviral medications 
Have viral sensitivity to at least one FDA-approved antiretroviral agent, as determined by 
genotypic or phenotypic ARV drug resistance testing, and such agent can be used as a 
component of OBT 
Laboratory values within pre-defined limits at screening: 
• Absolute neutrophil count > 750/mm3

• Hemoglobin levels >10.5 g/dL for men and >9.5 g/dL for women
• Platelet count > 50,000/mm3

• Estimated or a measured glomerular filtration rate >60 mL/min/1.73m2 as determined by the 
National Institutes of Health (NIH) Clinical Center laboratory

• AST and ALT levels of <2.5 x upper limit of normal (ULN)
• Total bilirubin <2.5 x ULN (unless subject is taking atazanavir or has Gilbert’s Syndrome)



Exclusion Criteria 
Chronic hepatitis B, as evidenced by a positive test for HBsAg, or chronic hepatitis C virus (HCV) infection, as 
evidenced by a positive test for HCV RNA 
HIV immunotherapy (including broadly neutralizing HIV antibodies) within 12 weeks prior to screening 
Participation in an experimental drug trial(s) within 4 weeks prior to the Screening visit 
AIDS-defining Stage 3 opportunistic illnesses according to the Centers for Disease Control and Prevention (CDC) 
Classification System for HIV Infection [7] at or within 3 months of screening
Pregnancy or lactation  
Any licensed or experimental vaccination (e.g., hepatitis B, influenza, pneumococcal polysaccharide) received within 
2 weeks prior to study enrollment (day 0)
Prior use of UB-421 
Any acute febrile illness within 14 days before initial administration of UB-421 
Treatment with another investigational drug or other intervention within 28 days of Screening 
Any active malignancy that may require systemic chemotherapy or radiation therapy
Active drug or alcohol use or any other pattern of behavior that, in the opinion of the investigator, would interfere with 
adherence to study requirements 
Systemic immunosuppressive medications received within 3 months prior to enrollment (Exceptions: [1] 
corticosteroid nasal spray or inhaler; [2] topical corticosteroids for mild, uncomplicated dermatitis; or [3] 
oral/parenteral corticosteroids administered for non-chronic conditions not expected to recur [length of therapy ≤14 
days, with completion in ≥30 days prior to enrollment]);
History or other clinical evidence of significant or unstable cardiac or cerebrovascular disease (e.g., angina, 
congestive heart failure, recent stroke or myocardial infarction); severe illness, malignancy, immunodeficiency other 
than HIV, or any other condition that, in the opinion of the investigator, would make the subject unsuitable for the 
study



Part III
Patient Discussion Case



DOTCOM MDR Participant

 
Timeline (with ART 

regimen initiation date) 

 
Antiretrovirals 

1989-2004* Zidovudine + Didanosine + Zalcitabine + Stavudine + Indinavir +  
Saquinavir + Amprenavir + Efavirenz + Nevirapine 

06/03/2004** Abacavir / Azidothymidine / Lamivudine + Tenofovir Disoproxil  
Fumarate + Lopinavir/Ritonavir 

06/22/2004 Abacavir / Azidothymidine/ Lamivudine + Tenofovir Disoproxil  
Fumarate + Lopinavir/Ritonavir + Atazanavir 

09/05/2008 Abacavir + Tenofovir/Emtricitabine + Darunavir/Ritonavir + 
 Raltegravir 
 

Early 2012 Tenofovir/Emtricitabine + Lopinavir/Ritonavir + Atazanavir 

10/09/2014*** Tenofovir/Emtricitabine + Darunavir/Ritonavir + Dolutegravir +  
Maraviroc 
 

10/13/2015 Tenofovir/Emtricitabine + Darunavir/Ritonavir + Maraviroc 

08/05/2016 Tenofovir/Emtricitabine + Darunavir/Ritonavir 

01/27/2020 Tenofovir/Emtricitabine + Darunavir/Ritonavir + Fostemsavir + 
Ibalizumab 
 

05/06/2021 Tenofovir/Emtricitabine + Darunavir/Ritonavir + Ibalizumab 

06/16/2021 Tenofovir/Emtricitabine + Darunavir/Ritonavir 

08/23/2021 Tenofovir/Emtricitabine + Darunavir/Ritonavir + Fostemsavir +  
Ibalizumab 
 

02/16/2022 Tenofovir/Emtricitabine + Fostemsavir + Ibalizumab 

06/23/2022 – 03/2023 Tenofovir/Emtricitabine + Darunavir/Ritonavir + Fostemsavir +  
Ibalizumab 
 

 



MDR HIV with Kaposi sarcoma: Feb 28, 2023



DOTCOM MDR Participant Rx Modalities
The capacity of HIV-specific broadly neutralizing antibody (bNAbs) and UB-421 to 
suppress infectious HIV isolates derived from the patient 

 
 
The levels of neutralization of multiple viral isolates isolated from the patient by HIV-
specific bNAbs and UB-421 are shown. The y-axis indicates % suppression over control 
determined by the TZM-bl neutralization assay. 
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Capacity of bNAbs and Anti-CD4 Antibodies to Suppress 
Replication-Competent Viral Isolates Derived from an 
Infected Individual with Multidrug-Resistant HIV

Pt: DT Pt: DTParticipant 03 Participant 03



Individual Patient Expanded Access IND

Feb 16, 2023: IND submitted

Feb 17, 2023: FDA request for additional datasets

Feb 22, 2023:  Response to FDA comments (216 page document) 

Feb 24, 2023: FDA response (treatment dose modifications, steroids, letters from UBP etc)  

Mar 6, 2023: Response to FDA with all updated letters

Mar 8, 2023: Study may proceed



MDR Participant Timeline

• Admitted to the NIH Clinical Center on  March 16, 2023

• Received Lenacapavir on March 16 and March 17, 2023

• Received first infusion of UB-421 (5mg/kg) on 3/16



CD4+ T Cell Count and Plasma Viremia of an HIV-
Infected Individual with Multidrug-Resistant Virus

Date UB-421 (5 mg/kg) Infusion date Plasma Viremia - copies/ml CD4+ T Cell Count (/µl) CD4+ T Cell %
03/16/23 Dose 1 186594 26 4
03/22/23 Dose 2 5458 48 4
03/29/23 Dose 3 1488 77 7
04/05/23 Dose 4 477 73 8
04/12/23 Dose 5 380 82 8
04/18/23 Dose 6 275 61 5
04/26/23 Dose 7 477 80 6
05/03/23 Dose 8 342 92 5
05/10/23 Dose 9 265 73 5
05/16/23 Dose 10 267 60 4
05/24/23 Dose 11 250 63 4
05/31/23 Dose 12 252 80 5
06/07/23 Dose 13 67 64 4



02.28.23 03.22.23 03.29.23 04.05.23 04.12.23

04.18.23 04.26.23 05.03.23 05.10.23 05.16.23



MDR HIV with Kaposi sarcoma

• Re-evaluated by NCI and it was decided to start him on 
Liposomal Doxorubicin

• Received and tolerated Cycle 1 on June 08, 2023

• Received and tolerated Cycle 2 on June 28, 2023

• Received and tolerated Cycle 3 on July  26, 2023 



MDR HIV with Kaposi sarcoma: July 18, 2023



MDR HIV with Kaposi sarcoma AND
Norovirus



MDR HIV with Kaposi sarcoma

• Diarrhea continued to worsen

• More frequent usage of Loperamide

• Endorsing increased fatigue, tiredness and lack of appetite

• Re-engaged NCI and re-evaluated on Aug 23, 2023 and 
plan to hold off additional chemotherapy, with close 
monitoring
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CD4+ T Cell Count and Plasma Viremia of an HIV-
Infected Individual with Multidrug-Resistant Virus

Date UB-421 (5 mg/kg) Infusion date Plasma Viremia - copies/ml CD4+ T Cell Count (/µl) CD4+ T Cell %
03/16/23 Dose 1 186594 26 4
03/22/23 Dose 2 5458 48 4
03/29/23 Dose 3 1488 77 7
04/05/23 Dose 4 477 73 8
04/12/23 Dose 5 380 82 8
04/18/23 Dose 6 275 61 5
04/26/23 Dose 7 477 80 6
05/03/23 Dose 8 342 92 5
05/10/23 Dose 9 265 73 5
05/16/23 Dose 10 267 60 4
05/24/23 Dose 11 250 63 4
05/31/23 Dose 12 252 80 5

6/7/2023*+1 Dose 13 67 64 4
06/14/23 Dose 14 136 68 6
06/20/23 Dose 15 135 46 4

6/27/2023*+1 Dose 16 102 64 5
07/05/23 Dose 17 89 46 4
07/12/23 Dose 18 80 37 5
07/18/23 Dose 19 170 45 6

7/26/2023* Dose 20 93 59 6
08/02/23 Dose 21 142 43 5
08/08/23 Dose 22 115 43 5
08/15/23 Dose 23 68 39 7
08/23/23 Dose 24 157 66 8
08/30/23 Dose 25 164 83 7
09/05/23 Dose 26 125 74 8



MDR HIV with Kaposi sarcoma – last Genotype
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Future Directions and Clinical Concerns

• Why is the patient still viremic?

• Optimization of ART? 

• Plan to go to FDA for increasing UB-421 dose and 
increasing to biweekly frequency
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Update on IAS-Durban: Focus on ART
Thank You for Your Attendance!
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