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Perspective, Using Causal Loop Diagrams

Three primary levels of variables

The development of the CLD resulted in a diagram with three interrelated tiers separated
based upon the primary level of the variables: individual patient, immediate connections, and
greater community. To highlight an example, essential medical factors are experienced by the
patient directly within the pathways to receiving immunotherapy and include clinical effects
stemming from the treatment itself. The results of the treatment aggregate up to broader
perceptions about immunotherapy and also affect the economics of future research and
development in this area. Separate physical and psychological pieces that feed into patients’
HRQoL each contain important linkages that contribute to determining the central HRQoL
variable. The CLD thus displays the variety of variables in the system and their
interconnectedness. Supplementary Figure S-1 displays the full version of the CLD with all
variables separated into these three levels. A simplified version of the figure is shown in Figure
S-1.

At the individual patient level, core components of clinical factors surrounding HRQoL in
patients following immunotherapy, physical and psychological components of HRQoL, and the
effectiveness of the treatment. The individual patient layer of the CLD represents a wide range of
variables and mechanisms, from the central variable patients’ health-related quality of life
(HRQoL); receipt of immunotherapy treatment and its affordability, accessibility, and patients’
willingness to undergo it; associated clinical factors such as survivorship and experience of
adverse side effects; psychological and physical components of HRQoL. The central box shows
interconnections at this variable level.

Important medical factors central to the treatment receipt and its connection to HRQoL are
part of the individual patient layer. Patients’ willingness to undergo the treatment positively
affects the likelihood of actualizing receipt of immunotherapy. As shown by clinical
effectiveness studies, receipt of immunotherapy improves HRQoL as well as expected
survivorship. The treatment can also cause patients to experience adverse side effects, however,
which decreases HRQoL via physical wellbeing. These medical components at the individual
patient level play important roles in feedback loops that are completed at higher layers of the
CLD and will be described in detail later in Results.

Flowing from the individual-level variables, the next section of the diagram concerns
variables related to not just individual patients but patients’ immediate connections such as their
respective partner, friends, and family. The second layer in the appendix figure shows that this
level contributes variables that represent potentially important agents to impact dynamics within
the patient level and ultimately patients” HRQoL. Three variables make up this level: quality and
quantity of social support structure, effective management of side effects by health care system,
and oncology team’s likelihood to recommend immunotherapy.

The level above the patients’ immediate connections contains variables representative of the
greater community, including community resources and economic drivers for innovation. These



are shown in the outermost, third layer in the appendix figure. The addition of this third section
to the aforementioned individual-patient- and immediate-connections-level components
completes the CLD. Community-level variables include indicators of the overall environment in
terms of social support and educational resources, the degree of social stigma within the cultural
climate, availability of the treatment, investment in further research and development which
feeds into medical guidelines and the oncology team’s perceived effectiveness of
immunotherapy. This perceived effectiveness variable is a key link to complete feedback loops.

As shown in Figure S-1’s innermost layer, four feedback loops exist using exclusively
individual-level variables to complete the loops. This set of reinforcing loops correspond to the
reinforcing loop labeled R3 in the simplified version of the figure shown in the main article text
(i.e., Figure 1). They include: R3-A (the degree of social connection’s inverse relationships with
individual stigma); R3-B (similarly, HRQoL’s effect on ability to connect with others socially
and the link with psychological wellbeing); R3-C (individual stigma’s ability to decrease
individual outreach for social support and actualized receipt of that support); and R3-D (HRQoL
affecting the ability to engage in everyday work and leisure activities and psychological
wellbeing). We describe two of these feedback loops within the individual-level variables in
more detail below.

Reinforcing Loop R3-D: R3-D is a reinforcing loop consisting of three variables. Improvement
of the central variable patients’ health-related quality of life improves work/leisure activities.}*
When patients are able to actively engage in their day-to-day professional and
recreational activities to a greater degree, their psychological wellbeing increases as result.>”’
Increased psychological wellbeing links back to improve overall HRQoL® which completes the
reinforcing loop. An initial increase in HRQoL becomes elevated to an even greater degree via
the R3-D loop components.
Reinforcing Loop R3-C: R3-C is another reinforcing loop within individual-level variables and
concerns patients’ wellbeing with respect to their propensity to connect socially. We can start
this loop with variable social connection. A drop in social connection is frequently experienced
by cancer patients generally.® This phenomenon can be attributed to a sense of alienation from
previous social identity or feeling “othered” by negative connotations associated with cancer.’
When social connection decreases, perhaps due to a difficult time period during immunotherapy
treatment, individual stigma regarding asking for support can increase as the patient becomes
more and more isolated and averse to reaching out for help.® When individual stigma regarding
asking for support increases, the likelihood that the patient will ask for social support decreases
(communication of need for social support),!! as does the receipt of support resultantly.*
Patients’ decrease in support being received completes the loop and social connection decreases
further.’

Variables existing primarily on other levels such as Quality and quantity of social support
structure (immediate-connections level) and patient education to overcome individual stigma
(community-level) affect individual-level variables in R3-C. These exemplify how variables at
those other tiers can play important roles to impact individual-level feedback dynamics affecting
patients’ HRQoL.

Details on Tradeoffs

The balancing loop B1 highlighted in the CLD along with the dynamics in reinforcing loop
R1 helps to demonstrate trade-offs inherent in the system. The important variable to focus on to
begin the discussion about trade-offs is receipt of immunotherapy. When patients receive
immunotherapy, individual patients in aggregate sends signals to the greater community level



variables (1) oncology team’s perceived effectiveness, Via patients” health-related quality of life,
and (2) incentives to invest in immunotherapy R&D. The former activates reinforcing loops R1
and R2, which ultimately act to increase receipt of immunotherapy to an even greater degree,
holding everything else constant. The latter activates reinforcing loop R2 which also acts to
increase again the starting variable receipt of immunotherapy. Receipt of immunotherapy directly
improves the central variable of interest, patients’ health-related quality of life. Therefore, we
can see that an increase in patients receiving immunotherapy activates two reinforcing feedback
mechanisms.

However, receipt of immunotherapy also (3) activates balancing loops B1 and B2, which
have a balancing effect: as more patients receive immunotherapy, more side effects are
experienced in aggregate by the patient population. These adverse effects can weaken physical
wellbeing and psychological wellbeing and consequently patients’ health-related quality of life
to reduce oncologists’ perceived effectiveness as well as the recommendation of the treatment by
oncologists. Patients’ receipt of immunotherapy thus decreases. Through the balancing loop, an
initial increase in receipt of immunotherapy moves through the loop to cause treatment receipt to
decrease rather than increase.
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Figure S-1: Expanded Causal Loop Diagram. This expanded view shows addition detail of
identified variables and the primary level of each variable: individual-patient-, immediate-
connection-, and community-level. The numbers on causal links presents references
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