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Abstract

Moderate to severe chronic graft-versus-host disease (GVHD) is treated with potent
immunosuppressive therapy (IST) to modulate the allo-immune response, control symptoms and
prevent further organ damage. We sought to understand the types of treatments used in clinical
practice and the likelihood of successful treatment associated with each. A chart review was
performed for 250 adult patients at Fred Hutchinson Cancer Research Center enrolled in a
prospective observational study. After a median follow-up of 5.6 years for survivors,
approximately one third were still on IST (of whom half were on 4 or greater line of therapy),
one third were alive and off IST, and one third had relapsed or died. Approximately half of
survivors stopped all IST at least once, although half of these restarted IST after a median of 3.4
months off therapy (IQR 2.3-8.0 months). Successful discontinuation of IST for at least 9 months
was associated with myeloblative conditioning (p=0.04), more years since transplant (p=0.009)
and lack of oral (p<0.001) and skin (p=0.049) involvement compared to people who had to restart
IST. We conclude that patients with chronic GVHD usually receive multiple lines and years of
IST, with only a third off IST, alive and free of malignancy at 5 years after chronic GVHD
diagnosis. Patients stopping IST should be cautioned to self-monitor and continue close medical
follow up especially for 3-6 months after stopping IST.
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Introduction

Methods

Patients who receive allogeneic hematopoietic cell transplantation (HCT) typically require
administration of immunosuppressive therapy (IST) for at least 6 months in order to prevent
graft-versus-host disease (GVHD). With standard pharmacologic prophylaxis, significant
acute GVHD occurs in 20-50% of patients.! and chronic GVHD occurs in 30-50% of
patients.23 If patients develop GVHD, treatment doses of IST are administered until GVHD
is controlled, then IST is slowly tapered with the goal of eventually discontinuing IST
permanently. Effective prophylaxis and treatment of GVHD are critical to reduce mortality
and morbidity associated with GVHD, but IST may increase risks of infection, cumulative
organ toxicities, subsequent neoplasms and recurrent malignancy.*

Unlike solid organ transplantation where life-long IST is usually required,> many patients
who have undergone allogeneic HCT can achieve sufficient “functional” tolerance even after
development of GVHD and can eventually stop all IST permanently without any active
manifestations of GVHD. Current management of GVHD often involves repeated attempts
to taper and stop IST since there is no reliable way to predict when IST can be successfully
withdrawn.8 Each taper attempt risks a GVHD flare with subsequent resumption of high-
dose IST. Unsuccessful discontinuation of IST may increase rates of patient morbidity and
mortality because resumption of IST may fail to control GVHD resulting in irreversible
organ damage or IST complications. Biomarker studies are in progress to try to identify
biologic predictors for successful IST discontinuation but actionable results have not yet
been reported.

Previous studies have identified clinical factors associated with the need for prolonged IST
in patients with chronic GVHD, including hyperbilirubinemia and multiple sites affected by
chronic GVHD at the onset of disease.”:8 However, no studies have specifically described
the treatment courses of patients with chronic GVHD in usual practice. With the increased
availability of new agents and clinical trials testing novel approaches to chronic GVHD
treatment, the current study aimed to examine the patterns of how providers change chronic
GVHD therapies and the timing and outcome of those treatment decisions. We also sought
to explore the clinical characteristics related to successful IST discontinuation and to
understand the reasons, timing and outcome of resumption of IST.

Patients and Data Collection

The study cohort included 250 adult patients who had previously undergone allogeneic
transplantation and subsequently received systemic treatment for chronic GVHD at the Fred
Hutchinson Cancer Research Center (FHCRC)/Seattle Cancer Care Alliance (SCCA).?
Patients were enrolled in a prospective multicenter observational study between 2007 and
2012, and were serially evaluated every 3-6 months throughout the follow up period in order
to observe chronic GVHD response to IST. Patients were eligible regardless of graft source,
donor type, or GVHD prophylaxis. To prevent enrollment of patients with very long-
standing chronic GVHD, patients had to be enrolled within 3 months of chronic GVHD
diagnosis, or if prevalent cases, within 3 years of transplant. Only patients enrolled at
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FHCRC are included in this analysis because the chart review required was more detailed
than designed for the primary study. All participants gave written consent allowing the use
of medical records for research in accordance with the Declaration of Helsinki. The
Institutional Review Board of the FHCRC approved the study.

Patient medical records, including records from our outpatient clinic and local clinics
responsible for primary care, were reviewed through July 2015. Information about prevalent
cases, who were enrolled more than 3 months after chronic GVHD diagnosis, was collected
retrospectively for the time period prior to enrollment. Data regarding organ involvement,
types of initial and subsequent systemic treatment for chronic GVHD, as well as reasons for
starting and stopping treatment were collected.

Chronic GVHD was diagnosed per 2005 NIH consensus criteria.10 Systemic treatment was
defined as any medication or intervention that had intended systemic effects, including
extracorporeal photopheresis. Treatment change was defined as the addition of systemic
therapy to a patient’s chronic GVHD regimen, regardless of prior lines of therapy or prior
treatment with the agent(s). Because temporary increases in medications doses are often
necessary during treatment of chronic GVHD, any increase in dose when patients were
already being treated with an agent was not considered a treatment change. Treatments that
were stopped and restarted within 30 days were considered continuous treatment. A line of
therapy was defined as one or more treatments recommended at the same time. For example,
if a provider recommended prednisone and extracorporeal photopheresis (ECP) for treatment
of sclerosis but the ECP could not be started until a month after the prednisone because of
insurance approval and line placement, the prednisone and ECP were still considered the
same line of therapy. Topical therapies and fluticasone/azithromycin/montelukast were not
considered systemic treatments.

Recurrent malignancy was defined by hematologic, molecular, cytogenetic, flow cytometry
or radiographic criteria, or any intervention to treat recurrent malignancy.

For the purposes of multivariate logistic modeling, successful discontinuation of IST was
defined as no exposure to systemic IST for at least 9 months without relapse or death, while
unsuccessful discontinuation was defined as resumption of IST within 9 months of
discontinuation. This cutoff was based on an evaluation of the data to capture most patients
restarting therapy without excluding too many because of an extended follow up
requirement. Patients who were less than 9 months since IST discontinuation at the time of
chart review or who relapsed or died within 9 months of IST discontinuation were excluded
from the multivariate analysis.

Clinical Management of Chronic GVHD

At FHCRC, chronic GVHD is usually treated initially by adding or increasing the dose of
prednisone. Standard initial prednisone dosing is 0.5-1 mg/kg/day for 2 weeks, followed by
a dose taper over the next 4-6 weeks to 0.5-1 mg/kg every other day as allowed by
improvement in GVHD manifestations. Attending physicians may deviate from this regimen
according to clinical judgment, often by either starting at a lower dose, tapering more
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rapidly, or tapering in an alternative fashion (for example, a daily rather than alternating day
regimen). Continued improvement of reversible chronic GVHD manifestations or GVHD
resolution prompts IST tapering by gradual and sequential withdrawal of all systemic
treatment. However, decisions to taper systemic treatment or to initiate subsequent lines of
treatment were at the discretion of the attending physician and physician behavior was not
standardized because there are no treatment guidelines once a patient is beyond initial
therapy. FHCRC is a group practice and multiple physicians could see and manage
individual patients. We did not track which attending made decisions to start, stop or change
immunosuppression.

Patients on systemic IST receive anti-viral, anti-bacterial and anti-pneumocystis prophylaxis.
Anti-fungal prophylaxis is not generally given outside the context of high-dose steroid
therapy or a history of prior invasive mold infections. Monitoring for cytomegalovirus
(CMV) with PCR is resumed for patients at risk of late reactivation. Additional monitoring
includes annual DEXA scans for patients on steroids, pulmonary function tests every 3-6
months, dental evaluations every 6 months, and annual ophthalmologic and gynecologic
exams.

Statistical Methods

Descriptive statistics are provided for patient, transplant and chronic GVHD characteristics
and use of IST. For each treatment added for first, second or third line therapy, “% failure-
free survival (FFS)” is defined as no relapse or death within 6 months, and no addition of
another chronic GVHD systemic agent during the observation period. Patients who relapsed,
died or started a new systemic treatment within 6 months are considered treatment failures.
Patients had to have a minimum of 6 months observation time to be considered to have FFS.
The contribution of specific organ manifestations to the decisions to start initial and
subsequent therapy is reported descriptively. Both incident and prevalent cases are included
in these analyses.

Multivariable logistic regression was used to identify variables associated with successful
IST discontinuation for = 9 months among patients stopping IST. Patients who relapsed or
died before 9 months or who had less than 9 months of observation time off IST were
excluded from this analysis. Potential explanatory variables included patient age and sex,
incident vs. prevalent case at enrollment, IST agent and line of therapy stopped, duration of
chronic treatment since onset/last attempt at discontinuation, years since transplant, donor
type, graft source, conditioning regimen intensity, prior acute grade 11-1VV GVHD, and organ
involvement. A stepwise forward analysis was performed with entry criteria = 0.05 and
retention criteria = 0.10.

A subset analysis was conducted for incident cases, since they were enrolled at the time of
chronic GVHD onset so their entire history of treatments occurred during the study
observation period, preventing bias attributable to the survival duration prior to enrollment.
Cumulative incidence curves were generated for lines of therapy and resumption of IST after
first or second discontinuation. In these analyses, relapse and death were considered
competing risks. The median time to IST discontinuation was calculated by the Kaplan-
Meier method, defining IST discontinuation as stopping IST and no resumption of IST, and
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censoring for relapse, death and last contact date. To calculate the chance that initial therapy
will be successful, the Kaplan-Meier method was again used considering resumption of IST
as an event, and censoring for relapse, death and last contact date.

Characteristics of the Study Cohort

Patient characteristics are summarized in Table 1. The median age of patients at enrollment
was 53 years. One-hundred forty-eight patients (59.2%) were incident cases who enrolled
within three months of their chronic GVHD diagnosis, while 102 patients (40.8%) were
prevalent cases who enrolled more than three months since diagnosis. At study entry, 16
(6.4%) had a mild NIH global score or were asymptomatic, 132 (52.8%) had a moderate
score, and 102 (40.8%) had a severe score. There were no haploidentical related donor
recipients and no patients received in vivo or ex vivo T cell depletion. Three (1%) cord
blood recipients were included. The median follow-up duration since enrollment for the 177
surviving patients was 5.6 years (IQR, 4.5-6.8 years).

Treatment characteristics for chronic GVHD are summarized in Table 2. At diagnosis of
chronic GVHD, 68.8% started a new agent, while the others had current IST dose increases
(14.4%) or no change of systemic therapy (16.8%). During the observation period, the
number of therapy lines distributed between the 250 study participants was: 1 (26.0%), 2
(19.2%), 3 (19.2%), 4-5 (25.2%) and 6 or more (10.4%). Of patients enrolled as prevalent
cases more than 3 months after chronic GVHD diagnosis, patients were on first (n=52,
51.0%), second (n=30, 29.4%), third (n=16, 15.7%) or later (n=4, 3.9%) line of treatment
and were a median of 8.7 (IQR 5.3-14.7) months since chronic GVHD diagnosis.

After a median follow-up of 5.6 years for all survivors, 76 (30.4%) were still on IST on
initial (n=5, 6.6%), second (n=15, 19.7%), third (n=16, 21.1%) or later courses of IST
(n=40, 52.6%), regardless of previous attempts to discontinue IST. Ninety-one patients
(36.4%) are alive and off IST. Eighty-three (33.2%) have relapsed or died.

Success rate of specific agents

The most common agents used in first and second line treatments were prednisone,
calcineurin-inhibitors, mycophenolate mofetil and sirolimus. (Table 3). The percentages who
did not require additional systemic therapy or relapse or die within the next 6 months are
also shown for each agent, and are generally 10-30%, indicating that most currently
available agents provide suboptimal chronic GVHD disease control. Approximately 50% or
more received treatment with steroids, calcineurin inhibitors, or sirolimus. Also common
were mycophenolate mofetil (41%), extracorporeal photopheresis (18%), rituximab (16%)
and methotrexate (12%). The other agents were used in fewer than 10% of patients but
included some very rarely used approaches for the most refractory patients. Table 4 shows
the most common organs precipitating initial therapy or treatment changes by line of
therapy. The need to treat skin and oral manifestations was the most frequent reason for
adding initial and subsequent treatment, although fascia, eye, liver and gastrointestinal tract
also prompted treatment changes. Scleratic skin changes and lung GVHD were more
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frequent reasons for fourth line therapy and beyond compared with third line or earlier
therapy.

Individual IST medications were stopped because of overall GVHD improvement/stability in
half of cases, chronic GVHD progression in 13.7%, and toxicity in 18.4% of cases. Stopping
an agent for toxicity did not always result in starting a new treatment to take its place if
GVHD symptoms were under control. There were too few cases (n=30) where treatments
were stopped and the same agent restarted for a flare after more than a month off therapy to
compare the success of this strategy versus starting a new agent.

Discontinuation of IST

The rate of attempted IST discontinuation was the same between incident and prevalent
cases (p=0.47). One hundred twenty-eight (51%) patients were able to stop IST at least one
time, although half, 59 (46%), of these restarted IST after a median of 3.4 months off
therapy (IQR 2.3-8.0). (Table 2) Of patients stopping IST for the first time, 76 (59%) were
on initial therapy, 23 (18%) were on second line therapy, and 29 (23%) were on third line or
later therapy. The last agent to be discontinued was prednisone (n=36, 28%), calcineurin
inhibitors (n=55, 43%), mycophenolate mofetil (n=13, 10%), and sirolimus (n=24, 19%)
after a median of 626 days (range 19-2100) since the last treatment was started and 20.6
months (IQR 12.0-31.1) since chronic GVHD treatment started. Of the 69 who did not
restart IST after initial discontinuation of IST, 3 (4.3%) had recurrent malignancy, 1 (1.4%)
died without recurrent malignancy, and 65 (97.0%) were alive and off IST at last followup.
(Figure 1)

Thirty-four (14%) patients were able to stop IST one or more times after previously having
to resume IST (n=40 attempts). Twelve (35%) were on secondary therapy, 9 (27%) were on
tertiary therapy, and the rest were on fourth line or later therapy at the time of attempted
discontinuation. Time to second discontinuation was a median of 12.8 months (range
1.4-27.6) since the last therapy was added. Thirteen (33%) restarted IST after a median of
5.6 months (IQR 0.6-8.1) for chronic GVHD recurrence, and 1 of these subsequently
relapsed or died. There was no difference in the success of stopping IST the first time
compared to the second time, with most who are going to restart doing so by 9 months.
(Figure 2) During our observation period, the longest duration between stopping IST and
restarting was 4.5 years with 34% restarting more than 6 months after discontinuation.

In univariate analysis limited to those who did not relapse or die within 9 months of stopping
IST (n=112), successfully stopping IST for =9 months was associated with longer time since
transplant, myeloablative conditioning, longer time from start to discontinuation of I1ST, and
lack of skin, oral or eye involvement. In multivariable logistic regression analysis,
successfully stopping IST for =9 months was associated with more years since transplant
(OR=1.66, 95% Cl=1.14-2.42, p=0.009). Oral (OR=0.05, 95% CI1=0.01-0.16, p<0.001) and
skin (OR=0.25, 95% CI=0.07-0.86, p=0.03) involvement were associated with the need to
restart IST. (Table 5) When case type (incident vs. prevalent) was forced into the model, it
was not significant (OR 1.21, 95% ClI 0.42-3.51, p=0.72).
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Subset analysis: Incident cases of chronic GVHD

Although we did not detect differences between incident and prevalent cases, we performed
a subset analysis of incident cases due to concern about potential bias due to different
duration of observation before enrollment. When the subset of patients enrolled within 3
months of diagnosis (n=148) were analyzed separately, Figure 3 shows the pattern of adding
new lines of therapy, starting with initial therapy. The chance that a patient starting initial
therapy for chronic GVHD will never need additional treatment is only 21.3%. Patients
starting initial therapy received a median of 3 lines of therapy. At 5 years after diagnosis,
approximately a third of patients were malignancy-free, alive and off IST, one third had died,
and one third were still on IST. (Figure 3). The median time to IST permanent
discontinuation was 69 months.

In multivariable logistic regression analysis limited to incident cases who stopped IST at
least once (n=60), oral (OR=0.03, 95% CI=0.005-0.16, p<0.001) and skin (OR=0.12, 95%
Cl=0.02-0.80, p=0.03) involvement predicted the need to restart therapy.

Discussion

Patients with chronic GVHD require prolonged IST to control symptoms and prevent organ
damage so that function and quality of life can be maintained. Most receive multiple lines of
treatment. In our analysis, approximately half of patients stopping IST for the first time had
to restart therapy a median of 3 months later. Approximately a third of people attempting a
second IST discontinuation restarted therapy a median of 5.6 months later. Thus, patients
stopping IST should be cautioned to monitor themselves and continue close medical follow
up especially in the first 3-6 months after IST discontinuation, given the common situation
of having to restart treatment. In our cohort of 250 patients who were enrolled on a chronic
GVHD observational trial, only 91 (36%) are alive, malignancy-free, and off IST with a
median follow up of survivors of 5.6 years. These observations highlight that prolonged IST
treatment is the reality of the experience for patients with chronic GVHD and that practice
patterns, even within a single practice, are very heterogeneous.

Most patients received multiple agents during their chronic GVHD treatment and there are
no treatment guidelines once patients are beyond initial therapy. Almost 40 agents have
reported activity in chronic GVHD. In the unbiased subset of participants enrolled at the
time of diagnosis, a median of 3 lines of therapy and 69 months to permanent
discontinuation of IST was observed. Many clinicians struggle with choosing which
treatments to try next when a patient requires additional therapy, anecdotally basing their
recommendations on considerations of prior therapies, organ manifestations and co-
morbidities. Although we provide “success” rates for different agents and the frequency that
different organ manifestations prompt additional treatment, we were unable to fully capture
from medical records the rationale for treatment decisions in this observational cohort. We
considered trying to quantify “aggressiveness” of the regimens, but could not develop
standardized definitions given the heterogeneity of clinical situations. Also, although
patient-reported outcomes were collected as part of the parent study, the timing of
administration was not dependent on current treatment status.
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Clinical trials testing new chronic GVHD treatments face challenges in study design because
the field lacks specific benchmarks.1! Prior publications from our institution reported a
failure-free survival (FFS, duration of survival without relapse, death or starting a
subsequent IST) of 68% at six months for initial therapyl? and 56% for secondary therapy.13
A previous report from the Chronic GVHD Consortium reported an aggregate 63% FFS at 6
months, and included patients in the present analysis.14 An updated analysis showed that
less than 20% had a complete or partial remission at one year after starting chronic GVHD
treatment without addition of another agent, relapse or death.11 Another study from Fred
Hutchinson showed that treatment change was a predictor of higher nonrelapse mortality and
decreased survival among patients with classic chronic GVHD.5 Our findings complement
these prior reports by providing more detail about the specific agents used, their sequencing,
and the outcome of treatment lines beyond second line therapy. However, certain subsets in
our cohorts are very small and preclude comment. These include recipients of cord blood
transplants, haploidentical donors with post-transplant cyclophosphamide, and recipients
who received in vivo or ex vivo T cell depletion. Our cohort also predated the use of some
recently reported treatments, such as ibrutinib and ruxolitinib.16:17 Finally, we did not
capture whether agents were given in the context of a clinical trial. The increased monitoring
and response assessment could have altered the behavior of treating physicians from what
they would do in usual, non-trial, practice.

It is unclear if any currently available GVHD treatments or approaches promote
development of tolerance, thus fostering the ability to permanently discontinue IST. Since
many IST are well-tolerated at low doses, our findings raise the question of whether
aggressive attempts to permanently discontinue IST are wise.18 If chronic GVHD is indeed a
chronic condition, similar to chronic rheumatologic and other autoimmune diseases, maybe
the treatment goal should be to use the lowest dose of medication that controls GVHD rather
than trying to stop all IST, only to see symptomatic flares or progression to more severe
GVHD manifestations (e.g., sclerosis, fasciitis, lung involvement) in a third to half of
patients. Alternatively, ongoing biomarker and clinical studies may help identify patients
who can successfully stop IST. We did not collect information about steroid dosing,
infections and IST complications although these considerations are important when
assessing the risk-benefit profiles of specific IST medications and the duration of IST
treatment.

In summary, for patients who have chronic GVHD and start initial systemic treatment, there
is only a 32% chance that they will be alive, in remission, and off IST by 5 years. More
likely, they will require treatment with multiple agents for several years. If they do reach a
point of stopping all IST, they have a 50% chance of needing to restart therapy. More
effective treatments for chronic GVHD are urgently needed.
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. After stopping therapy for cGVHD, half restarted after a median of 3.4

months

. After 5.6 years, 1/3 each were still on IST, alive off IST, or dead/relapsed

Highlights
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First attempt at stopping IST (n=128)
Median 20.6 months (IQR 12.0-31.3) since last therapy added

Successful(ﬁm’ Dead,

(65) Median 3.4 mos (IQR 2.3-8.0}) relapse (4)
since stopping

¥

Subsequent attempt at stopping IST (n=34 pts)
(n=40 stops, 2™ — 34, 314 -5, 4th - 1)
(Median 12.8 mos [IQR 1.4-27.6]) since last therapy was added)

Successful Restarted IST (n=13) Dead,
(26) Median 5.6 mos {IQR 0.6-8.1) relapse (1)
since stopping

Figure 1.
Population disposition
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Figure 3.

Cumulative incidence of starting lines of therapy for chronic GVHD, among patients

enrolled as incident cases
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Page 14
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Figure 4.

Prevalence of being alive, disease-free and off immunosuppression for incident cases
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Table 2

Treatment characteristics

| n | %
Initial treatment of chronic GVHD (N=250)
New treatment added 172 68.8
Steroid dose increased 20 8.0
Other non-steroid dose increased 16 6.4
No treatment change 42 16.8
Total number of lines of therapy, regardless of recurrent malignancy (N=250)
One 65 26.0
Two 48 19.2
Three 48 19.2
Four 42 16.8
Five 21 8.4
Six or more 26 10.4
Reasons for starting new treatments
Progressed/lack of improvement 446 86.1
Toxicity 23 4.4
Steroid-sparing 43 8.3
Insurance/compliance 5 1.0
Requirement for enrollment in clinical trial 1 0.2
Median duration of time between lines of IST, for patients starting a new line of therapy, months [IQR]
Between first and second line therapy (n=185) 7.3 | [2.7-18.6]
Between second and third line therapy (n=137) 6.6 | [2.9-18.4]
Between third and fourth line therapy (n=89) 8.0 | [3.8-19.1]
Between fourth and fifth line therapy (n=47) 57 | [1.9-11.2]
Between fifth and sixth line therapy (n=26) 44 | [1.8-7.5]
Current status (N=250)
Disease-free, still on IST 76 30.4
Alive, off IST 91 36.4
Relapse or death 83 33.2
still on IST (N=76)
First treatment 5 6.6
Second treatment 15 19.7
Third treatment 16 211
Fourth treatment 19 25.0
Fifth or higher treatment 21 27.6
Number of times all IST stopped (N=250)
None, on IST currently or until death/relapse 122 48.8
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n %
One 94 37.6
Two 29 116
Three 4 1.6
Four 1 0.4
Reasons for stopping individual IST meds
GVHD improved/stable 422 50.2
GVHD progressed 115 13.7
Toxicity 155 18.4
Insurance or compliance 30 3.6
Induce graft-versus-leukemia effect 35 4.2
Planned course of treatment completed 50 6.0
Other 26 31
Unknown 8 1.0
Previous grade 11-1V acute GVHD (N=250) | 168 | 67.2
Median months off IST for first time restart (n=59), [IQR] | 34 | [2.3-8.0]
Median months off IST for all restarts (n=72), [IQR] | 3.4 | [1.9-8.0]

Abbreviations: GVHD, graft-versus-host disease; IST, immunosuppressive therapy, IQR, intra-quartile range
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Table 5

Multivariable logistic regression results for successful discontinuation of IST for >=9 months using stepwise

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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selection (N=112)

Parameter OR 95% CI | p-value
Years since transplant 166 | 1.14 | 242 0.009
Skin involvement for last line of therapy prior to discontinuing IST | 0.25 | 0.07 | 0.86 0.03
Oral involvement for last line of therapy prior to discontinuing IST | 0.05 | 0.01 | 0.16 <0.001
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