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Donald E. Tsai and Mitchell E. Hughes

Historical Background

Prognosis of post-transplant lymphoproliferative disorders (PTLD) follows the
principles of other B-cell lymphomas. The prognosis of Hodgkin lymphoma patients
has been established using the Ann Arbor staging system (Table 9.1) [1]. Originating
in 1971, the Ann Arbor system classifies patients into risk categories based on ana-
tomic stage. The Ann Arbor system was further validated in 1977 for non-Hodgkin
lymphoma (NHL) and is currently the primary prognostic tool for both Hodgkin
lymphoma and NHL [2]. However, anatomic staging alone is inadequate for esti-
mating prognosis in NHL due to the hematogenous spread of disease characteristic
of these lymphomas, a nonspecific clinical presentation, advanced Ann Arbor stage
often present upon initial diagnosis, and outcomes better correlated with histopa-
thology. Given the aforementioned challenges with prognostication of lymphomas,
in 1993, the International Prognostic Index (IPI) was published. The IPI was the
culmination of international level data to help develop a better prognostic-factor
model for NHL [3]. NHL continues to follow IPI, or a modification of IPI, for
assessment of prognosis (Tables 9.2 and 9.3).

Prognostic Factors for PTLD

Identification of prognostic factors for PTLD is complicated and tortuous due to the
rapid changes in the understanding and management of this heterogeneous group of
disorders. Similar to the treatment paradigm shift in NHL, the introduction of the
anti-CD20 monoclonal antibody, rituximab, has drastically changed the treatment

D. E. Tsai (><) - M. E. Hughes
Abramson Cancer Center, University of Pennsylvania, Philadelphia, PA, USA
e-mail: dtsai @loxooncology.com; mitchell.hughes @pennmedicine.upenn.edu

© Springer Nature Switzerland AG 2021 149
V. R. Dharnidharka et al. (eds.), Post-Transplant Lymphoproliferative Disorders,
https://doi.org/10.1007/978-3-030-65403-0_9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-65403-0_9&domain=pdf
https://doi.org/10.1007/978-3-030-65403-0_9#DOI
mailto:dtsai@loxooncology.com
mailto:mitchell.hughes@pennmedicine.upenn.edu

150 D. E. Tsai and M. E. Hughes
Table 9.1 Ann Arbor staging classification for Hodgkin and non-Hodgkin lymphomas

Stage Description

Stage 1 Involvement of a single lymph node region (I) or of a single extralymphatic organ
or site (IE)

Stage II | Involvement of two or more lymph node regions or lymphatic structures on the
same side of the diaphragm alone (II) or with involvement of limited, contiguous
extralymphatic organ or tissue (IIE)

Stage III | Involvement of lymph node regions on both sides of the diaphragm (III) which may
include the spleen (IIIS) or limited, contiguous extralymphatic organ or site (IIIE)
or both (IIIES)

Stage IV | Diffuse or disseminated foci of involvement of one or more extralymphatic organs
or tissues, with or without associated lymphatic involvement

A No symptoms

B Fever (temperature > 38.0 °C), drenching night sweats, unexplained loss of >10%
of body weight in the past 6 months

E Refers to extranodal contiguous extension

S Splenic involvement

Adapted from Refs. [1, 4]

Table 9.2 The International Prognostic Index (IPI) historic survival data [3]

One point for each risk factor present Prognosis

Age greater than 60 years Low risk (0-1 points) — 5-year survival of 73%
Stage IIT or IV disease

Elevated serum lactate dehydrogenase Low-intermediate risk (2 points) — 5-year survival
(LDH) of 51%

ECOG performance status of 2, 3, 4 (see

Table 9.3)

More than one extranodal site High-intermediate risk (3 points) — 5-year

survival of 43%
High risk (4-5 points) — 5-year survival of 26%

Table 9.3 ECOG performance status [5]

Grade | ECOG

0 Fully active, able to carry on all pre-disease performance without restrictions

1 Restricted in physically strenuous activity, but ambulatory and able to carry out work
of a light or sedentary nature, e.g., lighthouse work and office work

2 Ambulatory and capable of all self-care, but unable to carry out any work activities.
Up and about more than 50% of waking hours

3 Capable of only limited self-care, confined to bed or chair more than 50% of waking
hours

4 Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair

5 Dead
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approach of PTLD. Thus, the assembly for prognostic outcomes in patient with
PTLD has shifted.

In the current era, there continues to be modest, often conflicting, and outdated
or non-generalizable data regarding prognostic factors for PTLD. The large major-
ity of the data include retrospective literature from the pre-rituximab era, heavily
weighted in renal transplant patients. Despite this heterogeneity and lack of robust
consistency in the literature, we attempt to assemble a clinically meaningful over-
view of the information published to date (Table 9.4).

Table 9.4 Summary of recent studies on PTLD prognostic factors [6]

Significant prognostic Prognostic
Size factors for poorer index
Study Design (N) | Population | survival development
Leblond | Retrospective 61 | Solid organ | High PS, multifocal dz Yes
etal. [7] analysis txp*
Tsai et al. | Retrospective 42 | Solid organ | Elevated LDH, organ Yes
[8] analysis txXp dysfunction, multiorgan
dz, B sx, increased age
Muti Retrospective 40 | Solid organ | High PS, multifocal dz, No
etal. [9] and prospective txp elevated LDH, high Ann
analysis Arbor stage
Ghobrial | Retrospective 30 | Solid organ | High PS, CD-20 negative | No
etal. [10] |analysis txp in
rituximab
era
Bakker Retrospective 40 | Lungand High PS No
etal. [11] | analysis kidney txp
Ghobrial | Retrospective 107 | Solid organ | PS 3 or 4, graft organ Yes
etal. [12] |analysis txXp involvement,
monomorphic dz°
Trofe Retrospective 402 | Kidney PTLD within 6 months No
etal. [13] |registry of txp, multifocal dz,
analysis increased age
Caillard Prospective 230 | Kidney Multifocal dz, No
etal. [14] | registry azathioprine
analysis
Maecker | Retrospective 55 | Kidney, Stage IV disease, BM No
etal. [15] |registry liver, heart/ | involvement, CNS
analysis lung involvement
Hourigan | Retrospective 42 | Kidney Elevated LDH, PS >1,B | No
etal. [16] |analysis SX
Oton Retrospective 84 | Solid organ | Increased age, multiorgan | No
etal. [17] |analysis txp transplant, ECOG >2,

grafted organ
involvement, extranodal
disease, early (< 1 year)
PTLD, stage IV, EBV+,
BCL2+, elevated WBC

(continued)
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Table 9.4 (continued)

Significant prognostic Prognostic
Size factors for poorer index

Study Design (N) | Population | survival development
Knight Retrospective 78 | Solid organ | CNS involvement, IPI No
etal. [18] |registry txp 3-5

analysis
Evens Retrospective 80 | Solid organ | CNS involvement, BM No
etal. [19] | analysis txXp involvement
Yoon Retrospective 43 | Heart, Early onset (<1 year) No
etal. [20] |analysis kidney, liver | PTLD, monomorphic dx
Trappe Prospective 70 | Solid organ | Age, ECOG, type of Yes
etal. [21] | clinical trial txXp transplant, response to

analysis rituximab
Bishnoi Retrospective 141 | Solid organ | Male gender, PMH of Yes
etal. [22] |analysis txp malignancy, increased

age, lung allograft, BMT,
EBV+, monomorphic dz,
pts experiencing multiple

rejections
Trappe Prospective 152 | Solid organ | Response to rituximab, Yes
etal. [23] | clinical trial txXp type of transplant, IPI <3

vs. >3

dz disease. sx symptoms, zxp transplantation

See Table 9.5 for a summary of prognostic indices

Implies at least heart, lung, liver, and kidney and can include pancreatic and dual organ
"Monomorphic disease was not significant by univariate analysis, but was useful as part of multi-
variable model using all three prognostic factors

Of all prognostic factors, performance status has the most supporting evidence in
the body of PTLD literature [7, 9-12, 15]. As ECOG PS increases, prognosis wors-
ens, with poorer survival appearing to be most pronounced in PS greater than 1. PS
may not be the most intuitive prognostic factor for PTLD, as compared to NHL,
because PS is, in part, a marker of tolerance to chemotherapy regimens, whereas
PTLD treatment in the current era involves reduced immunosuppression and ritux-
imab, which are well-tolerated therapies. PTLD itself may resonate the toll the dis-
ease has on patients and is therefore a marker of tumor biology and behavior. PS is
likely a reflection of a patient’s overall stamina and capacity to endure the disease
process itself.

Patient age at diagnosis of PTLD is the next prognostic factor with the most sup-
porting studies [8, 12, 24]. The International Prognostic Index defines age greater
than 60 as the benchmark definition; in contrast, PTLD prognosis worsens in a rela-
tively linear fashion as age advances beyond 55-60 [12]. Advanced age in patients
with NHL is a poor prognostic factor due to comorbidities and is associated with a
reduced capacity to tolerate chemotherapy. Patients with PTLD of advanced age,
similar to PS, may be a surrogate marker for overall health and stamina to fight or
endure PTLD. It is also postulated that a younger patient with PTLD may have dif-
ferent disease biology than PTLD in patients with advanced age. EBV status is by
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and large less likely to be negative in younger patients. Younger patients also have
different exposures and different immune systems as compared to older patients.
Finally, the biology of EBV-driven PTLD in younger patients, particularly children,
arising from primary infection, is likely different from older patients who develop
PTLD through viral re-activation [25, 26].

The presence of multifocal disease is an additional well-supported poor prognos-
tic factor in PTLD [7-9, 12, 13, 24]. This is akin to the IPI in NHL, where both
extranodal disease and advanced Ann Arbor stage confer poorer prognosis. In con-
trast to NHL, PTLD often present with allograft involvement. Even though allograft
involvement qualifies as organ involvement by strict definition, it does not appear to
confer as much risk of a poorer outcome as involvement of a non-allograft organ,
and clearly is not as strong a risk factor alone as the presence of multifocal or mul-
tiorgan involvement. In renal transplant, isolated allograft involvement alone can be
managed with surgical resection and therefore may improve prognosis [12].

Another poor prognostic factor is CD-20-negative status, mainly because this
debars the use of rituximab therapy [12]. The lack of CD-20 suggests a divergent
underlying cell of origin that leads to a different disease behavior, whether it be
immature B cells who have yet to acquire CD-20 or a mature plasmacytic B cell that
has shed CD-20. Rituximab will likely continue to be the predominant agent used in
CD-20-positive PTLD, and therefore, it will be difficult to parse out the prognostic
significance of CD-20 status outside the context of the effect of rituximab.

The introduction of rituximab in the current era and its relationship to prognostic
factors are weighed in an article published in 2005 by Ghobrial and colleagues [10].
The study retrospectively evaluated 30 consecutive patients at a single center diag-
nosed with PTLD between 1999 and 2002. Rituximab was administered to 15
patients who were CD-20 positive and EBV positive and did not respond to front-
line treatment with reduction in immunosuppression. There were 15 patients who
did not meet the aforementioned criteria and had received alternative therapy,
including observation, surgery, radiation, chemotherapy, or a combination of these
therapies. There were differences observed in a number of characteristics between
the rituximab group and the other treatment group. The average age was younger in
the rituximab group (average age 37 vs. 50) and they developed disease sooner after
transplant (average 8 months vs. >5 years out). Multivariate analysis for all 30
patients identified important prognostic factors. Overall survival in patients with
CD-20-positive PTLD, low IPI (P = 0.004), and rituximab therapy (P = 0.03) was
significant on multivariate analysis.

Prognostic factors for response to rituximab have been evaluated in two prospec-
tive clinical trials. Choquet and colleagues conducted a phase 2 multicenter trial of
46 solid organ transplant recipients with B-cell PTLD. The only factor predictor of
response at 80 days in patients receiving rituximab was a normal LDH level (odds
ratio = 6.9; P = 0.007) [27]. Lack of CNS disease is hypothesized to be a positive
predictive marker for response to rituximab; however, clinical trials exclude patients
with CNS disease and thus have not been evaluated prospectively. Furthermore,
Oertel and colleagues conducted a prospective multicenter trial of 17 PTLD patients
administered with rituximab therapy. The two factors predictive of response were
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EBV positivity (P < 0.0001) and a shorter time from transplantation to diagnosis
(P =0.036) [28]. These predictive markers to rituximab are logical given elevated
LDH and EBV-negative PTLD are known poor prognostic features in
PTLD. Response to rituximab can also be used as a prognostic feature to predict
which patients will require subsequent therapy with chemotherapy. Trappe and col-
leagues suggest that PTLD patients treated sequentially with 4 infusions of ritux-
imab followed by chemotherapy is preferable to rituximab monotherapy plus
chemotherapy at disease progression [21, 23, 29]. If a patient is noted to respond
well to rituximab, then chemotherapy is not necessary, and consolidation of a CR
with four applications of rituximab with four additional courses of rituximab is even
superior to chemotherapy consolidation.

The presence of CNS involvement signifies poorer outcomes [30]. One study,
published by Trofe and colleagues, reviewed the Israel Penn registry specifically
identifying cases of PTLD with CNS involvement [13]. Out of 910 cases, 15% had
CNS involvement. Patients with CNS disease had a 3-year survival of 9.4% com-
pared to those without CNS disease which was 49.4%. Isolated CNS disease con-
ferred a 3-year overall survival of 29%. Patients with both CNS and non-CNS
involvement of PTLD had a 3-year overall survival of 0. Another multicenter study
of 80 solid organ transplant recipients removed treatment on Cox regression multi-
variate analysis and identified CNS disease, in addition to hypoalbuminemia, and
bone marrow involvement as the most significant prognostic markers [19].
Hypoalbuminemia was later found to be non-significant in a subsequent single-
center analysis [22].

The majority of PTLD cases are of B-cell origin; however, there are many case
reports and small case series of T-cell PTLD. Classic PTLD arise from suppressed
T-cell activity leading to EBV, which reside in B cells, ultimately inducing B-cell
proliferation and transformation. In contrast, T-cell PTLD, in most cases, are not
EBY positive and follow a distinct biologic mechanism, conceivably through altered
T-cell proliferation related to T-cell-suppressive therapies. The onset of T-cell PTLD
usually presents later and more commonly is associated with a primary extranodal
site [31]. There remains a lack of large analyses of this rare subgroup; however,
based on case reports and clinical experience, T-cell PTLD have been observed to
have a poorer prognosis compared to classic B-cell PTLD [31, 32].

The type of organ transplanted noticeably has an impact on the incidence of
PTLD. From highest to lowest, the incidence of PTLD occurs in the following order
among solid organ transplants: intestinal, lung, heart, liver, and kidney. The inten-
sity and duration of immunosuppression required for organ transplantation is related
to incidence, as well as the mass of lymphoid tissue associated with a particular
organ, which is why intestinal transplantation has the highest incidence of
PTLD. Kidney and liver recipients who have PTLD appear to have better outcomes
as compared to lung and heart recipients, which is related to the ease and safety of
immunosuppression reduction [20, 33]. Kidney and liver rejection is reasonably
easy to monitor with laboratory observation, and both organs are relatively tolerant
of rejection allowing for more aggressive reduction in immunosuppression. In con-
trast, cardiac and lung transplant rejection is more likely to manifest as sudden
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death or rapid and frequently irreversible decompensation. The risks in rejection in
these organs temper the extent to which immunosuppression is reduced. The oppor-
tunity of initiating a patient on dialysis makes kidney rejection manageable com-
pared to other organ decompensation from rejection. In addition to the difficulty of
immune suppression reduction, heart and lung transplant recipients treated for
PTLD have a more aggressive disease course. A lack of response to rituximab
monotherapy in the heart and lung transplant population predicts a lack of response
to CHOP and early relapse as compared to liver or kidney transplant patients refrac-
tory to rituximab monotherapy [21, 23].

It was once thought that EBV-positive PTLD carried a more favorable prognosis
compared to EBV-negative PTLD. Several biologic inferences with similar favor-
able prognosis supported this assumption. EBV-driven PTLD are primarily B cell in
origin, conferring favorable prognosis compared to T-cell PTLD. EBV-positive
PTLD are more likely to be CD-20 positive, which can be treated with rituximab,
and therefore more favorable. Additionally, EBV-positive PTLD biology is more
often polymorphic, which is observed to have more favorable outcomes compared
to monomorphic disease. Finally, children have better outcomes compared to adults
and are more likely to have EBV-positive disease. Despite these strong correlative
observations, studies discussed elsewhere in this chapter have not found EBV status
to be a reliable prognostic factor [7-9, 12, 13, 16]. By the same token, a 2006 study
by Kremers and colleagues investigated 35 adult liver transplant patients and the
prognostic significance of EBV status. Their study found the outcomes among 22
EBV-positive patients and 13 EBV-negative patients were nearly identical at both
1- and 5-year follow-up [34]. Ultimately, the data does not support EBV as a marker
useful for prognostication. While EBV positivity may not be a useful prognostica-
tor, patients who are EBV-naive receiving an EBV-infected organ seem to be at the
highest risk for PTLD development [18].

Another potential prognostic factor without robust evidence is the presence of
monomorphic disease. Monomorphic disease suggests a clonal process resisted the
natural checks on cell growth and survival. PTLD with monomorphic disease
resemble traditional NHL in immunocompetent patients. A multi-institutional retro-
spective analysis of 56 pediatric heart transplant patients with PTLD identified 35
polymorphic cases and 19 monomorphic cases. Early onset PTLD were observed to
be more commonly polymorphic. Nonetheless, there was no survival difference
identified between these two histologic categories [26]. Curiously, one study of 107
PTLD patients identified monomorphic disease was not a significant prognostic fac-
tor by univariate analysis; however, upon multivariable analysis, it was identified as
a poor prognostic factor in the author’s proposed PTLD prognostic index [35]
(Table 9.5).

There are many other prognostic factors hypothesized to confer a negative prog-
nostic value in PTLD; however, there remains scant or contradictory evidence sup-
porting them. One of these factors is early vs. late onset of PTLD after transplantation.
Some clinicians posit early onset PTLD indicate worse outcomes under the assump-
tion early disease designates aggressive disease. In 2005, a large retrospective anal-
ysis of the Israel Penn registry between 1968 and 2004 was conducted, identifying
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Table 9.5 Prognostic indices in PTLD [6]

Index name | Population Risk factors Prognosis
Leblond 31 patients, two PS >1 0 RFs = median survival
index [7] institutions, solid dz sites >1 >100 months
organ transplants 1 RF = 1 month
2 RF = 1 month
Ghobrial 107 patients, single Monomorphic Pts with 2-3 RFs had 5.31 RR
et al. [35] institution, solid organ | disease of death compared with 0-1
transplants Graft organ RFs
involvement
Choquet 60 patients, solid Age > 60 2-year survival
et al. [24] organ transplants PS >1 0 RFs: 88%
receiving rituximab Elevated LDH 1=50%
Time from transplant® | 2-3 RFs = 0%
Oton et al. | 84 patients, single ECOG >2 Three risk factors = median
[17] institution, solid organ | Elevated WBC survival 10 days (95% CI:0-41)
transplant 1 month prior to No RFs = median survival of
diagnosis 1414 days
BCL-2
overexpression
Hourigan 42 patients, single B-symptoms Reduced survival with the
etal. [16] institution, kidney Elevated LDH presence of each RF — see
transplants Fig. 9.1
Caillard 500 patients, Age > 55 Mortality using a 5-point scale:
et al. [36] multicenter, solid Serum creatinine 0 (3.3%; CI, 0.49%-9.5%)
organ transplant >1.5 mg/dL 1 (18.7%; CI, 10.7%-28.4%)
Elevated LDH 2-3 (35.8%; CI, 29%—42.6%)
PTLD localization 4-5 (60.8%; CI, 40.5%-76.1%)
Monomorphic
disease
T-cell PTLD
Trappe 70 patients, Age Age > 60 (p=0.001, HR 4.423)
etal. [21] multicenter, solid ECOG Thoracic organ txp (p < 0.001,
organ transplant Type of transplant HR 7.827)
Response to Overall response to rituximab
rituximab at interim staging (P = 0.017,
HR 0.322)
IPI >3 (p =0.032, CI 1.052—
4.981, HR 2.289
Trappe 152 patients, Response to IPI >3 overall survival
et al. [23] multicenter, solid rituximab (»p=0.001, CI 1.461-4.418, HR
organ transplant Type of transplant 2.540)
IPI <3 vs. >3 Response to rituximab overall
survival (p < 0.001, CI
0.180-0.571, HR 0.320)
Bishnoi 141 patients, single Age at diagnosis Female gender HR 0.553 (p:
etal. [21] institution, solid organ | Recipient EBV status | 0.0427, CI10.311-0.981)

transplant

Bone marrow
involvement
Initial best response

Elderly patient HR 3.543
(p <0.0001, CI 1.894-6.628)

“Time from transplant not included in prognostic index
"Excluded from five-point Caillard prognostic index
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402 kidney transplant patients diagnosed with PTLD [12]. Survival was identified
to be poorer in those patients diagnosed within 6 months of transplant (64%) com-
pared to diagnosis beyond 6 months (54%, P = 0.04), as well as those diagnosed
within 1 year compared to after 1 year from transplantation (60% vs. 55%, p < 0.04).
A dissimilar report was published in 2001, reporting a single institution retrospec-
tive study of 30 lung transplant patients diagnosed with PTLD observed no survival
difference between patients diagnosed before or after 1 year from transplant [37].
Another negative retrospective single-center analysis of 107 solid organ transplant
patients found early onset PTLD, defined as within 1 year of transplant, commonly
were EBV-positive, were CD-20-positive, and involved grafted organs. In spite of
these biological markers, there were no differences observed in survival [35]. Given
the conglomerate of literature, it is fair to presume both early and late PTLD can
either behave as indolent in nature or behave aggressively, often leading to rapid
decline.

Similar to adults, PTLD in children are a heterogeneous group of diseases. PTLD
in children often have better outcomes compared to adults. The timing of PTLD in
children is generally earlier after transplantation, is commonly EBV positive, and
associated with primary EBV infection. There remains little data on prognostic fac-
tors in children with PTLD, although there remain some analyses [38].

A retrospective analysis of 55 pediatric patients with PTLD after solid organ
transplant, by Maecker and colleagues, suggested prognostic factors in children
largely mirror those in adults [15]. The authors identified stage IV disease, bone
marrow involvement, CNS disease, and poor response to initial therapy were sig-
nificantly associated with poor outcomes. EBV negativity and early onset of PTLD
after transplantation were not significantly associated with poor outcomes. These
findings are consistent with those identified in adult patients with PTLD. Additionally,
as similar to adult NHL patients, children with c-myc translocation had worse out-
comes. The presence of c-myc translocation may poorly predict event-free survival,
therefore, as more robust data presents itself, it is not uncommon to recommend a
cytogenetic analysis of patients. While monomorphic disease was not associated
with prognostic value in this study, another single-center retrospective analysis of
32 patients showed conflicting results [39].

A recent publication studied the efficacy of low-dose chemotherapy in 36 chil-
dren diagnosed with PTLD after failing first-line therapy. Patients in this study
responded well to chemotherapy; however, patients who presented with fulminant
disseminated disease (N = 4) did poorly [40].

As previously mentioned, one retrospective, multi-institutional analysis of 56
pediatric heart transplant patients with PTLD observed no survival difference
between monomorphic and polymorphic diseases [26].

Compared to adult patients, there is less data on prognostic factors for PTLD in
children, leading clinicians to extrapolate based on adult literature. The retrospec-
tive questionnaire study of centers who participate in the NAPRTS database inves-
tigated the pediatric kidney transplant population. There were 92 survey
questionnaires evaluated from 35 different centers. Pediatric patients with PTLD
within 1 year post-transplant were associated with better survival outcomes
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compared to PTLD after 1 year of transplantation (p = 0.032). The presence of EBV,
CD20 positivity, and clonality were not found to be negative prognostic factors;
however, several confounders in this study leave room for further investigation of
these factors [41]. Additional research in the pediatric population is required to shed
additional light on prognostic factors given the pitfalls of extrapolating data from
adults, especially given the biologic and phenotypic differences recognized in each
population.

Prognostic Indices

There have been several authors who attempted to develop a PTLD-specific prog-
nostic index to replace the International Prognostic Index, which was developed for
aggressive NHL who are otherwise immunocompetent. Unfortunately, these indices
are restricted by the nature of their small sample sizes and generalizability of the
patient populations being studied. However, clinicians still may find these other
indices useful as long as they match their patient population where applicable. We
summarize several of these articles in Table 9.5 to provide a comparison.

In 2001, Leblond and colleagues published a retrospective analysis from two
institutions examining 61 patients diagnosed with PTLD between 1980 and 1999.
There were 34 patients who had kidney transplants, 19 cardiac transplants, and all
other patients had a lung or liver transplant [7]. The authors acknowledged two of
the risk factors identified, PS and number of involved sites, could define a risk index
by sorting patients into three groups: low-risk patients (PS <2 and <2 sites) whose
median survival time had not yet been reached at well over 100 months of follow-
up, intermediate-risk patients (PS >2 or >2 sites involved) with a median survival
time of 34 months, and high-risk patients (PS >2 and >2 sites involved) with a
median survival time of 1 month. The authors concluded this PTLD-specific index
had a slight advantage when predicting survival as compared to the International
Prognostic Index.

Another study in 2001, by Tsai and colleagues, examined prognostic factors in
42 patients who were treated with reduction in immunosuppression as initial ther-
apy for PTLD [8]. Multivariable analysis identified that an elevated lactate dehydro-
genase (LDH) ratio, organ dysfunction, and multiorgan involvement by PTLD were
independent prognostic factors for lack of response to reduction of immunosuppres-
sion. Of the 18 patients lacking these poor prognostic factors, 89% responded to
reduction in immunosuppression as opposed to three of five (60%) in patients with
one risk factor and zero out of seven patients who had two to three risk factors. The
notable overlap of the prognostic factors discovered in this study with the IPI sug-
gests that PTLD behave much like lymphomas in immunocompetent hosts, despite
a stark difference in management.

In 2005, Ghobrial and colleagues published a prognostic study including 107
patients diagnosed with PTLD at the Mayo Clinic between 1970 and 2003 [35]. The
median survival for the entire cohort was 31.5 months (95% CI, 10.7-72.5 months).
The median follow-up of living patients was 51.8 months (range, 5.6-202.6 months).
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An easy-to-use multivariable model for survival was created, which included poor
performance status (3—4), monomorphic disease, and graft organ involvement.
Patients who were identified with two or three of these factors had a 5.31 relative
risk of death during follow-up compared with patients with zero or one factor pres-
ent. As previously mentioned, monomorphic disease was useful in the multivariable
model; however, it was not a prognostic factor in univariate analysis. When com-
pared to the IPI, the authors concluded their three-variable model was superior
(P =0.006).

A 2007 study by Choquet and colleagues investigated the long-term efficacy of
single-agent rituximab in PTLD patients [24]. Predictors of survival in patients
treated with rituximab were age at diagnosis, performance status, LDH, and time
from transplantation. The authors developed a PTLD-specific prognostic index in
the setting of rituximab treatment, using LDH, age > 60, PS >1, and time from
transplant as risk factors. Patients with no risk factors had an 88% 2-year survival.
Patients with one risk factor had a 50% 2-year survival and no patients with two risk
factors survived to 2 years. Compared to the IPI, the author’s PTLD prognostic
index appeared to predict survival better.

A 2008 paper published by Oton and colleagues studied 84 solid organ transplant
patients at a single center diagnosed with PTLD. The authors identified patients
who had overexpression of BCL-2 (>50% staining), ECOG >2, and elevated white
blood cell count had a median survival of 10 days. Patients with none of the afore-
mentioned risk factors had a median survival of 1414 days [17]. Strong expression
of the proto-oncogene, BCL-2, seemed to correlate with inferior outcomes, as simi-
lar to NHL. BCL-2 overexpression is proposed to provide prognostic significance
and requires confirmatory studies to validate.

In 2008, Hourigan and colleagues published correspondence describing their ret-
rospective study of 42 patients with PTLD after renal transplant [16]. The authors
identified elevated LDH, PS >1, and presence of B symptoms were significantly
associated with decreased survival. An analysis of this index was compared to the
IPI, the Leblond (2001) PTLD prognostic index, the Choquet (2007) index, and the
Ghobrial (2005) index. The authors found all indices, except the Ghobrial index,
could separate patients into clinically meaningful survival groups (Fig. 9.1). It is
important to note that the correspondence described an analysis of only renal trans-
plant patients, while the other indices, including the Ghobrial index, identified a
more diverse group of transplant recipients.

The French registry investigation by Caillard and colleagues in 2013 identified
age > 55 years, serum creatinine >133 pmol/L (1.5 mg/dL), elevated LDH, dissemi-
nated lymphoma, brain localization, invasion of serous membranes, monomorphic
PTLD, and T-cell PTLD as independent poor prognostic indicators of survival. The
investigators incorporated age, serum creatinine, LDH, PTLD localization, and his-
tology as a five-point prognostic score. PTLD mortality was low in patients with a
score of 0 (3.3%; 95% CI, 0.4-9.5%), intermediate in a score of 1 (18.7%; 95% CI,
29-42.6%), high in a score of 2 or 3 (35.8%; 95% CI, 29-42.6%), and very high in
patients with a score of 4 or 5 (60%; 95% CI, 40.5-76.1%). Patients with a score of
0 have a 5-year survival rate of 92%, whereas patients with a score of 4 to 5 have a
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Fig. 9.1 Overall survival according to the proposed renal (PTLD) index (a), and the prognostic
groupings according to Ghobrial and colleagues [33] (b), the international prognostic index (IPI)
(¢), Leblond and colleagues [7] (d), and Choquet and colleagues [22] (e). + refers to censored points

S-year survival rate of 35% [36]. This study was missing performance status, so it
was unable to assess IPI and thus unable to compare this prognostic system against
the IPI to see whether it is a suitable alternative. The scale was able to correctly
prognosticate survival in this patient population and requires independent validation.
In 2015, Trappe and colleagues analyzed a cohort of 70 patients treated in the
international multicenter phase II PTLD-1 trial in order to identify the risk factors for
PTLD. The analysis confirmed the prognostic role of IPI, Ghobrial score, and PTLD
prognostic index in relation to the overall survival. A high IPI and high PTLD prog-
nostic index were associated with higher treatment-related mortality, primarily driven
by age and ECOG performance status. It was identified that thoracic organ transplan-
tation and response to rituximab were prognostic indicators for both time to progres-
sion and overall survival. IPI was broken down into low (<3) and high (>3) [21].
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With low sample size as a limitation, Trappe and colleagues followed up their
survey in 2016 with a prospective, international, multicenter phase II trial. Response
to weekly doses of rituximab (375 mg/m? IV) for 4 weeks was a significant predic-
tor of time to progression and overall survival (P < 0.001). IPI <3 or >3 was con-
firmed in this trial to be a significant prognostic factor for overall survival. An IPI
>3 conferred a negative prognostic value for overall survival (p = 0.001; 95% HR
2.540; CI, 1.461-4.418) and time to progression (p = 0.001; HR 3.338; 95% CI,
1.624-6.862). Overall survival and time to progression were further broken down
according to IPI <3 or >3 (Fig. 9.2). Response to rituximab conferred a positive
prognostic value for overall survival (p < 0.001; HR 0.320; 95% CI, 0.180-0.571)
and time to progression (p < 0.001; HR 0.256; 95% CI, 0.119-0.549) [23]. Patients
who did not respond to rituximab tended to have more aggressive disease when
treated with CHOP and were more likely to have refractory disease and early treat-
ment relapse [23].

A 2017 single institution study by Bishnoi and colleagues identified older age at
PTLD diagnosis, recipient EBV status, bone marrow involvement, and initial best
response were statistically significant prognostic factors (p < 0.05) [19]. Female
gender was found to have a statistically significant better prognosis compared to
males [Female gender HR 0.553 (p: 0.0427, CI 0.311-0.981)]. Similar to other
studies, monomorphic PTLD performed poorly; however, it was not significant.
EBYV was not supported for predicting survival, yet it is still important for predicting
pathogenesis. Interestingly, rituximab as upfront therapy did not impact overall
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Fig. 9.2 IPI index <3 and >3 by Trappe and colleagues. 143 patients included in analysis; solid
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survival and had a poor hazard ratio [0.589 (95% CI: 0.289-1.201)]. This single
institution study confirmed previous risk factors associated with predicting PTLD.
As research will illuminate further dichotomy, PTLD will undoubtedly separate
into various histologic, molecular, and clinical diagnoses, as similar to NHL. The
perpetual forward momentum of our understanding of these disease processes, in
addition to the foreseeable arrival of new treatment options, will make prognosis an
ever-evolving issue for clinicians and patients. Biologic markers, such as BCL-2
and c-myc, will be more closely scrutinized to help refine diagnosis, prognosis, and
management of PTLD. When considering the various prognostic factors identified
in the heterogeneous body of PTLD literature, age, PS, sites of disease/extranodal
disease, and LDH remain consistent. The IPI has helped predict response in the
prior era of chemotherapy-based treatment, and newer PTLD indices now account
for rituximab-based therapies and reduction of immunosuppression. In the face of
evolving therapies in PTLD with newer options in the clinical setting, the prognos-
tic factors have by and large remained the same. Regardless of the therapy used, in
the end, the biology of PTLD has endured to follow similar principles as lymphoma.

Take-Home Pearls

e The identification of prognostic factors for PTLD is complicated by the rapid
changes in the understanding and management of what is a heterogeneous group
of disorders.

e Several factors such as poor PS, multifocal disease, tumor CD-20 negativity,
CNS involvement, lack of response to rituximab monotherapy, and advanced age
are consistently observed as poor prognostic features in PTLD.

e Prognostic factors in PTLD continue to vary over time, especially due to the
wide timeline of investigation spanning different diagnostic techniques, molecu-
lar testing, and available treatment options.

 In the future, biologic markers such as c-myc and BCL-2 will be investigated to
provide additional insight on diagnosis, prognosis, and management of PTLD.
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