APPENDIX A

Our goal was to estimate the proportion of the cohort in each of the [image: image2.png]


 stages of the care continuum over time, stratified by history of IDU, [image: image4.png]x € {0,1}



. We represent this proportion as [image: image6.png]G.x ()



. To simplify notation, we suppress the subscript [image: image8.png]


 where unnecessary. To obtain [image: image10.png]


 we first estimated time to transition between several of the states. There are many different transitions possible between states (figure 1), but we focused on estimating the time to nine continuum-related events.  For each patient [image: image12.png]
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 from enrollment to administrative censoring on August 31, 2015 or at 10 years of follow-up, occurrence of a competing event (competing events for each outcome are listed in table 1), or occurrence of each of [image: image16.png]


 instances of [image: image18.png]


 continuum-related events. Of the following nine events, those in bold correspond to transition into a continuum state (regardless of prior state); events in italics correspond to transition out of a continuum state (regardless of future state). 

1. Death before ART initiation; 

2. LTC before ART initiation; 

3. No longer LTC before ART initiation (composite outcome of return-to-clinic and death prior to return-to-clinic); 
4. ART initiation; 

5. Viral suppression after ART initiation; 

6. Viral failure after ART initiation and viral suppression (composite outcome including viral load measurement >400 copies/mL, death, or LTC); 
7. LTC after ART initiation; 

8. No longer LTC after ART initiation (composite outcome of return-to-clinic and death prior to return-to-clinic); and 

9. Death after ART initiation. 

ART initiation does not correspond to transition into one specific continuum state because we split ART initiators further into those who were in care and virally suppressed, in care and not virally suppressed, LTC, or dead. Events other than death could occur more once in the analysis. [image: image20.png]


 for each event was based on the maximum number of events of type [image: image22.png]


 in the data (table 1). All events have at least one competing event (table 1). For each of the [image: image24.png]


 events, in addition to [image: image26.png]T;
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, we assigned an event indicator [image: image28.png]A;
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 that was equal to 1 for an event of type [image: image30.png]


, 2 for a competing event, and 0 for administrative censoring. 

We estimated the cumulative incidence function for each event, [image: image32.png]Rjk, (1),



 nonparametrically 
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. To estimate the proportion in each stage of the care continuum over time [image: image34.png]Gy ()



, we added and subtracted cumulative incidence curves 
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 as follows: 

1. Dead before ART initiation: [image: image36.png]Gr=4(t) = Rj=, @)




2. LTC before ART initiation: [image: image38.png]


 

3. Dead after ART initiation: [image: image40.png]



4. LTC after ART initiation: [image: image42.png]



5. On ART, virally suppressed: [image: image44.png]



6. On ART, not suppressed: [image: image46.png]) - Gy=5@)





7. In care, not on ART: [image: image48.png]Gr=:(t) =1 = Rj=e@®) — Gy=1(@) — Gy=3()




 


By design, [image: image50.png]


. Thus we can present the distribution of the cohort over time since enrollment as a set of stacked curves. The area between adjacent curves (or equivalently, the area under each individual curve graphed separately) is interpretable as the mean time that an average patient spends in each continuum stage over 10 years of follow-up. The area under the (cumulative incidence) curves for death are interpretable as the mean months of life lost over 10 years of follow-up. We estimate the restricted mean time in state [image: image52.png]


 empirically as [image: image54.png]RiTTy(9) = [
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. When time is discrete, because the cumulative incidence functions are step-functions, this interval can be calculated as the Riemann sum [image: image56.png]
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 indexes days of follow-up over the 10-year period. We estimated the difference in restricted mean time comparing PWID to non-IDU by [image: image60.png]RMT g =g — RMTy y=0
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. We present the distribution of total follow-up time across each of the care continuum stages [image: image62.png]RMT,



 and the proportion of the PWID and non-IDU in each stage of the care continuum at 10 years. This latter quantity is akin to traditional care continuum estimates in that it is a snapshot of population at a specific point in time. It is different from traditional care continuum estimates in that it is anchored to time since clinic enrollment, rather than to calendar time. We also compare inference with respect to the continuum experience of PWID versus non-IDU using differences in restricted mean time in each continuum stage, and differences in proportions in each continuum stage at 10 years. 

To get adjusted estimates, we followed the approach described above, but weighted each observation by the inverse probability that the individual reported IDU as a probable route of HIV acquisition [image: image64.png]


, conditional on covariates [image: image66.png]


 
 ADDIN EN.CITE 

[18, 19]
. Weights were constructed as [image: image68.png]


 where the vector [image: image70.png]


 contains all the baseline covariates listed in the methods section. Probabilities were estimated using logistic regression. All continuous covariates were entered into the model using restricted quadratic splines with knots at the 5th, 35th, 65th, and 95th percentiles [28]. HIV viral load was log-transformed before creating splines. 

Appendix Table 1. HIV care continuum time-to-event outcomes, definitions, and competing risks for those outcomes

	Outcome*
	Definition
	Competing event(s)
	Max. # of instances†

	Death before ART initiation 
	Death date (prior to ART initiation date)
	ART initiation
	1

	Loss to clinic before ART initiation 
	12 months since most recent CD4 cell count, viral load measurement, or clinical encounter date (prior to ART initiation date)
	ART initiation; Death before ART initiation
	4

	No longer lost to clinic before ART initiation 
	First CD4 cell count, viral load measurement, clinical encounter, or ART initiation after a 12 month gap 
	ART initiation; Death before ART initiation
	4

	ART initiation 
	ART initiation date
	Death before ART initiation
	1

	Viral suppression on ART 
	Date viral load tested ≤400 copies/mL, after ART initiation date
	Death before ART initiation; Death after ART initiation
	12

	Loss of viral suppression on ART 
	Date viral load tested >400 copies/mL or date lost to clinic or death date, after viral suppression 
	Death before ART initiation; Death after ART initiation
	11

	Loss to clinic after ART initiation 
	12 months since most recent encounter date (after ART initiation date)
	Death before ART initiation; Death after ART initiation 
	5

	No longer lost to clinic after ART initiation 
	First CD4 cell count, viral load measurement or clinical encounter after a 12 month gap after ART initiation
	Death before ART initiation; Death after ART initiation 
	4

	Death after ART initiation 
	Death date (after ART initiation date)
	Death before ART initiation
	1


*The outcome listed here (top to bottom) corresponds to [image: image72.png]Ri—y,



, respectively in Appendix A

† Maximum number of instances the outcome did occur (i.e., re-entry into state) and corresponds to [image: image74.png]


 in Appendix A

Appendix Figure 1. HIV care continuum states and allowable movement through the continuum under the proposed model

Error! Reference source not found.
* Note that individuals were allowed to move directly from being lost-to-clinic prior to ART initiation or in care, not on ART initiation into being on ART and virally suppressed; this could have occurred if observation of ART initiation and viral suppression occurred simultaneously, e.g. if person was virally suppressed on mono- or dual- therapy and then initiated ART, or if viral suppression occurred in the same month as ART initiation among ART-naïve persons.

APPENDIX B

McNairy et al. proposed a similar longitudinal approach to the continuum in which they use survival methods to report the proportion of patient outcomes at 3, 6 and 12 months after enrollment into HIV care that were optimal, sub-optimal, or poor 
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. Haber et al. used a similar approach, summarizing the distribution of the population 2 years after enrollment [29]. A strength McNairy’s and our approach is that both consider outcomes of patients who do not initiate ART. Our approach has an additional advantage over both prior longitudinal approaches in that it provides a means for summarizing the distribution of person-time across all of follow-up, rather than requiring the user select a single follow-up time and report the distribution of the population across continuum stages at a cross-sectional point in time after enrollment.  Our approach is based in a multistate model framework 
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 yet does not require fitting multistate models. The work of Lee et al. [30] and framework by Powers & Miller [26] approach the continuum from a more formal multistate model framework, which may prove useful for future mathematical models of the continuum.

Supplemental Table 1. Crude and adjusted* percentages of ART-naïve, virally unsuppressed persons enrolled in the Johns Hopkins HIV Clinical Cohort, 2011-2014 in each stage of the HIV care continuum at 10 years after enrollment, stratified by history of IDU

	
	PWID
	Non-IDU
	Difference

	Crude
	
	
	

	Dead before ART initiation
	8.1 (6.9, 9.4)
	3.1 (2.5, 3.7)
	5.1 (3.8, 6.4)

	Lost-to-care before ART initiation
	12.3 (8.4, 16.3)
	7.4 (4.8, 9.9)
	5.0 (0.0, 10.0)

	In care, not ART initiated 
	0.2 (0.0, 3.3)
	4.1 (2.9, 6.3)
	-3.9 (-7.6, -0.2)

	On ART, not virally suppressed
	12.5 (8.2, 16.7)
	6.0 (3.3, 8.6)
	6.5 (1.5, 11.5)

	On ART, virally suppressed
	23.6 (18.1, 29.1)
	38.0 (34.2, 41.8)
	-14.4 (-21.3, -7.5)

	Lost-to-care after ART initiation
	22.5 (17.7, 27.4)
	28.2 (25.1, 31.2)
	-5.6 (-11.4, 0.2)

	Dead after ART initiation
	20.7 (18.7, 22.7)
	13.3 (12.2, 14.5)
	7.3 (4.9, 9.7)

	
	
	
	

	Weighted*
	
	
	

	Dead before ART initiation
	8.1 (6.3, 9.9)
	3.3 (2.7, 4.0)
	4.7 (2.9, 6.6)

	Lost-to-care before ART initiation
	13.8 (4.8, 22.7)
	7.2 (4.6, 9.8)
	6.5 (-2.9, 16.0)

	In care, not ART initiated 
	1.0 (0.0, 4.4)
	4.1 (1.9, 6.3)
	-3.1 (-7.2, 1.0)

	On ART, not virally suppressed
	15.3 (9.5, 21.1)
	5.7 (2.9, 8.5)
	9.6 (3.3, 16.0)

	On ART, virally suppressed
	19.9 (12.9, 26.9)
	38.4 (34.4, 42.4)
	-18.5 (-27.1, -10.0)

	Lost-to-care after ART initiation
	23.7 (15.8, 31.5)
	27.5 (24.4, 30.7)
	-3.9 (-12.2, 4.5)

	Dead after ART initiation
	18.4 (15.4, 21.3)
	13.7 (12.5, 14.9)
	4.6 (1.4, 7.9)


Abbreviations: ART, antiretroviral therapy defined as 3+ drugs initiated on the same day; HIV, human immunodeficiency virus; IDU, injection drug use; PWID, persons who inject drugs; MSM, men who have sex with men; AIDS, acquired immunodeficiency syndrome

* Adjusted for sex, age, black race, MSM transmission risk, CD4 cell count, HIV viral load, prior AIDS diagnosis and prior exposure to mono- or dual-antiretroviral therapy

