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Abstract

Objective: To distinguish between sepsis only vs progressive lymphoma in patients with a history of
lymphoma who present to the hospital with lactic acidosis.

Patients and Methods: We identified patients with non-Hodgkin lymphoma (NHL) or Hodgkin lym-
phoma from January 2014 to December 2015. Patients were categorized into 2 groups: sepsis only or
progressive lymphoma. Two-sided Wilcoxon rank sum test and 7, '/Fisher exact test were used to compare
the continuous and categorical variables, respectively. Kaplan-Meier analysis was used to estimate overall
survival (OS).

Results: A total of 51 patients were identified; 33 (65%) patients were categorized into the sepsis only
group, and 18 (35%), into the progressive lymphoma group. Values for serum lactate dehydrogenase
(LDH) drawn during hospitalization were statistically different between the sepsis only and progressive
lymphoma groups (median, 262 vs 665 U/L; P=.005), respectively. The sensitivity and specificity of
serum LDH level 2 or more times the upper limit of normal for progressive lymphoma were 56% (95% CI,
33% to 79%) and 85% (95% CI, 73% to 97%), respectively. Serum LDH level was independently pre-
dictive of inferior OS (hazard ratio, 27.8; 95% CI, 4.0 to 160.1; P<.001), while serum albumin level
(hazard ratio, 0.05; 95% CI, 0.01 to 0.27; P<.001) was independently predictive of improved OS.
Conclusion: Serum LDH levels used in conjunction with serial serum lactate values may be reliable
markers to differentiate patients with progressive lymphomatous disease from patients with lymphoma
with sepsis only. The LDH levels should be obtained in all patients with lymphoma who present to the
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hospital with lactic acidosis.

actic acidosis is a significant concern in
|_ hospitalized patients and occurs when
the production of lactic acid (lactate)
exceeds the ability of the body to metabolize
lactate. Lactate can be metabolized in the liver,
kidney, and other tissues by the enzyme lactic
acid dehydrogenase (LDH) to form pyruvate,
which can then feed into the Cori cycle or
tricarboxylic acid cycle and undergo oxidative
phosphorylation.” When homeostasis is dis-
rupted, lactate accumulates and lactic acidosis
ensues. Two types of lactic acidosis exist. Type
A lactic acidosis is caused by tissue hypoperfu-
sion or acute severe hypoxemia; type B is due
to toxin-induced impairment of cellular meta-
bolism and/or regional areas of ischemia
without evidence of systemic hypoperfusion.”
Differentiating between types A and B lactic

acidosis can be challenging,' and the literature
is replete with case reports demonstrating the
danger of missing a type B lactic acidosis
from a progressive malignancy.””

In patients with a diagnosis of lymphoma,
differentiating between type A lactic acidosis
from sepsis and type B lactic acidosis from
progressive lymphoma adds an additional
challenge because patients are often immuno-
compromised and prone to infections.”’
Although no studies have investigated
methods to differentiate between sepsis alone
vs progressive disease in patients with lym-
phoma, it is well established that malignant
cells can exhibit the Warburg effect, wherein
malignant cells change their metabolome by
increasing glycolysis and lactate production
to allow for uncontrolled proliferation.”” In
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lymphoma, a characteristic feature of aggres-
sive disease is increased uptake on '®F-labeled
fluoro-2-deoxyglucose positron emission to-
mography computed tomography (CT).
In vitro studies have shown that lymphomas
can upregulate enzymes involved in glucose
metabolism and exhibit altered levels of me-
tabolites,'”"*  whereas case reports have
demonstrated that profound systemic lactic
acidosis is associated with high mortality in
lymphoma.'’ Retrospective studies have also
observed that increased serum LDH levels
are associated with aggressive lymphomatous
disease and poor survival.' "'

We hypothesized that among patients with
a history of lymphoma and lactic acidosis,
serum LDH level may help differentiate be-
tween patients with sepsis only vs progressive
malignant disease. Lactate dehydrogenase is
found in blood cells and lymph tissue, has
been used as a prognostic marker in patients
with hematologic malignancy for many years,
and is a part of the International Prognostic In-
dex.'” Lactate dehydrogenase is believed to be
a marker of increased cell turnover, significant
tissue injury, and inflammation.*® However,
because LDH exists in other organs such as
skeletal muscle, liver, and heart, LDH values
above the upper limit of normal (ULN) can
also be seen in patients with significant
ischemia, such as ischemic hepatitis'’ and se-
vere coronavirus disease 2019”” and was pre-
viously used as a biomarker in myocardial
infarction before the discovery of cardiac
troponin.”’ Our retrospective study aimed to
investigate differences among patients with
sepsis alone vs progressive lymphoma, assess
whether LDH level could be a possible marker
to differentiate between the 2 groups, and
define the prognosis of patients with eleva-
tions of both LDH and lactate levels.

PATIENTS AND METHODS

We used the Mayo Clinic Lymphoma Database
to identify all patients with non-Hodgkin lym-
phoma (NHL) or Hodgkin lymphoma from
January 1, 2014 to December 31, 2015. Pa-
tients were included in the study if they
were hospitalized with an initial diagnosis of
sepsis, had at least 2 peripheral-blood cultures
drawn during hospitalization, and received
empiric treatment with intravenous antibi-
otics. Patients were also required to have lactic

acidosis as defined as serum lactate level
greater than 2.2 mmol/L (normal level is
<2.2 mmol/L) and serum LDH level (normal
level is <222 U/L). All other patients were
excluded.

Patients who met our criteria were catego-
rized into 2 groups that we established a pri-
ori: (1) sepsis only: those with documented
infection (organism identified in a peripheral-
blood culture) or patients who did not have
documented infection (blood cultures were
no growth to date after 5 days) but had
improvement with antibiotics; and (2) pro-
gressive lymphoma: those with progressive
malignant disease and no documented infec-
tion (all blood cultures were negative during
hospitalization; no improvement with antibi-
otics). Progressive disease was determined us-
ing CT, bone marrow biopsy, and/or lymph
node biopsy. The NHLs were considered
aggressive if they were diffuse large B-cell lym-
phoma (DLBCL), Richter’s transformation
from a low-grade lymphoma, Burkitt lym-
phoma, posttransplant lymphoproliferative
disease, mantle cell lymphoma, and B-cell
lymphoma not otherwise specified, whereas
mucosa-associated lymphoid tissue lym-
phoma, Waldenstrom macroglobulinemia,
and marginal zone lymphoma were consid-
ered low-grade lymphomas.

Two-sided Wilcoxon rank sum test and
! /Fisher exact test were used to compare
the continuous and categorical variables,
respectively. Kaplan-Meier analysis was used
to estimate overall survival (OS). The OS was
calculated from the date of hospitalization to
the date of last follow-up if alive or the date
of death due to any cause. Hazard ratios
(HRs) and Cls were also calculated. Statistical
analyses were performed using JMP, version
14.0 (SAS).

RESULTS

We identified 51 patients who met our inclu-
sion criteria; 47 patients (92%) with B-cell
NHL, 3 (6%) with T-cell NHL, and 1 (2%)
with Hodgkin lymphoma. Among those with
B-cell NHL, 24 patients (47%) had DLBCL,
14 (27%) had Richter’s transformation from
a low-grade lymphoma, 2 (4%) had Burkitt
lymphoma, 2 had posttransplant lymphoproli-
ferative disease, and the remaining (1 patient
each) had either mucosa-associated lymphoid
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tissue lymphoma, mantle cell lymphoma, mar-
ginal zone lymphoma, Waldenstrom macro-
globulinemia, or B-cell lymphoma not
otherwise specified.

Before hospitalization, all patients in our
cohort had been previously treated with
chemotherapy. The most common treatment
regimen was rituximab, cyclophosphamide,
hydroxydaunorubicin, vincristine, and predni-
sone. Upon hospitalization, all patients received
intravenous crystalloid fluids with 1 or a
combination of the following intravenous anti-
biotics: piperacillin/tazobactam, cefepime, levo-
floxacin, tobramycin, daptomycin, and/or
vancomycin. By use of our criteria, 33 (65%)
patients were categorized as sepsis only and
18 (35%) were categorized as progressive lym-
phoma. From the date of lymphoma diagnosis,
the median follow-up for the entire cohort was
6.3 (95% CI, 4.5 to 7.0) years, while the me-
dian follow-up from the date of hospitalization
was 3.3 (95% CI, 2.5 to 4.7) years.

Progressive Lymphoma Group

In the progressive lymphoma group (n=18),
13 patients (72%) were men. At the time of
hospitalization, median age was 63 (interquar-
tile range [IQR], 48-78) years. Median OS was
0.5 (95% CI, 0.16 to 2.9) months (Figure 1).
The median number of chemotherapeutic
treatments before hospitalization was 2 (IQR,
1-4), and 8 (44%) patients had liver involve-
ment from their lymphoma.

The median initial lactate level drawn dur-
ing hospitalization was 3.25 (IQR, 2.9-5.0)
mmol/L. Lactate values 3, 6, 12, and 48 hours
after the first lactate value were greater than
the ULN in all patients who had serial lactate
samples drawn. The median peak lactate level
was 7.35 (IQR, 5.1-15.2) mmol/L, and the me-
dian time to peak lactate level was 13 (IQR, O-
78.5) hours. Fourteen patients (78%) had an
LDH value greater than the ULN and the me-
dian LDH value during hospitalization was
665 (IQR, 275-2980) U/L. The median time
to collecting a serum LDH value from the
initial lactate value was 4 (IQR, 1-25) days.
Laboratory evaluation at the time of admission
was as follows: median hemoglobin, 10.3
(IQR, 9.5-11.2) g/dL (to convert to gL,
multiply by 10); median platelet level, 83
(IQR, 38-192) x10°/L; median white blood
cell count, 7.2 (IQR, 5.6-18.8) x107/L;
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FIGURE 1. Kaplan-Meier curve illustrates overall survival of progressive
lymphoma vs sepsis only groups.

median creatinine, 0.96 (IQR, 0.73-1.1) mg/
dL (to convert to pmol/L, multiply by 88.4);
and median serum albumin, 3.2 (IQR 2.9-
3.9) g/dL (to convert to g/L, multiply by 10).

Nine patients (50%) had biopsies confirm-
ing progressive lymphoma, while the rest were
confirmed with radiologic imaging. Of the 9
who underwent biopsy, 6 (33%) had Ki-67
staining, and all were in the high proliferative
rate range (median, 75%; IQR, 60%-90%).

Of these 18 patients with progressive lym-
phoma, 4 (22%) survived the hospitalization.
Among these patients, LDH values were 191,
192, 318, and 364 U/L, with initial lactate levels
of 3.1, 3.4, 2.5, and 2.9 mmol/L, respectively.
These 4 patients were able to receive subsequent
chemotherapy, with the median time to chemo-
therapy from hospital discharge being 13 (range,
7-19) days and the median time to last known
follow-up being 42 (range, 20-54) months.
The remaining 14 patients (78%) died during
the hospitalization, with a median time to death
from hospitalization of 6 (IQR, 2-16) days.
Among those who died, none received chemo-
therapy, and the causes of death were multior-
gan failure from progressive lymphoma.

Sepsis Group

In the sepsis group (n=33), 20 (61%) were
men. At the time of hospitalization, the me-
dian age was 68 (IQR, 60-80) years. Median
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TABLE 1. Univariate and Multivariate Analysis Between Progressive Lymphoma and Sepsis Group®®

Progressive Sepsis
Parameters Lymphoma (n=18) Only (n=33) P (univariate) P (multivariate)

Hospitalization

Age at time of hospitalization (y), median (IQR) 63 (48-78) 68 (60-80) 23 8

Male, no. (%) 13 (72) 20 (61) 54 .58

Non-Hodgkin lymphoma, no. (%) 18 (100) 32 (97) 28

Aggressive non-Hodgkin lymphoma, no. (%) I8 (100) 29 (88) 0.54

Previous lines of treatment, median (IQR) 2 (1-4) 2 (1-3) 23

Hemoglobin (g/dL), median (IQR) 103 (9.5-112) 99 (8.1-11.6) 64 52

White blood cell count (10%/L), median (IQR) 72 (5.6-18.8) 79 (35-179) 69 66

Platelets (107/L), median (IQR) 83 (38-192) 126 (98-223) a 72

Creatinine (mg/dL), median (IQR) 096 (0.73-1.1) 1.2 (0.8-1.6) 09 22

Serum albumin (g/dL), median (IQR) 32 (29-39) 34 (2.8-39) 44 38

Lactate, initial (mmol/L; normal <2.2 mmol/L), median (IQR) 325 (29-5.0) 35 (29-44) 89 49

Peak lactate (mmol/L), median (IQR) 7.35 (5.1-15.2) 6.9 (54-8.1) 83

LDH (U/L; normal <222 U/L), median (IQR) 665 (275-2980) 262 (217-373) .005° .003°
Before hospitalization

Age () at time of lymphoma diagnosis, median (IQR) 62.5 (48-77) 68 (57-74) 42

LDH (U/L) at time of lymphoma diagnosis, median (IQR) 318 (200-569) 309 (207-483.5) 85

°IQR, interquartile range; LDH, lactate dehydrogenase.

®S| conversion factors: To convert creatinine values to pmol/L, multiply by 884; to convert albumin values to g/L, multiply by 10.

CStatistically significant.
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OS was 24.8 (95% CI, 2.0 to not reached)
months (Figure 1). The median number of
chemotherapeutic treatments before hospitali-
zation was 2 (IQR, 1-3), and 3 (9%) patients
had liver involvement from their lymphoma.

The median lactate level for the first lactate
specimen to be drawn during hospitalization
was 3.5 (IQR, 2.9-4.4) mmol/L. Twenty-
three (70%) patients had serial lactate samples
drawn, and serum lactate levels 3, 6, 12, and
48 hours after the first lactate level continued
to be elevated in 83% (19/23), 61% (14/23),
48% (11/23), and 43% (10/23), respectively.
The median peak lactate level was 6.9 (IQR,
54-8.1) mmol/L, and the median time to
peak lactate level was 28 (IQR, 6.5-66) hours.
The median LDH value was 262 (IQR,
217-373) U/L, and the median time to collect-
ing a serum LDH value from the initial lactate
value was 9 (IQR, 1-22) days. Twenty-two
patients (67%) had LDH values greater than
the ULN. Laboratory evaluation at the time
of admission was as follows: hemoglobin,
9.9 (IQR, 8.1-11.6) g/dL; platelets, 126 (IQR,
08-223) x10%L; white blood cell count, 7.9
(IQR, 3.5-17.9) x10%L; creatinine, 1.2
(IQR, 0.8-1.6) mg/dL; and serum albumin,
3.4 (2.8-3.9) g/dL.

Bacterial ~ organisms  identified  on
peripheral-blood culture included Escherichia
coli, Proteus mirabilis, Klebsiella pneumoniae,
Citrobacter species, methicillin-sensitive Staph-
ylococcus aureus, Parvimonas micra, Nocardia
farcinica, Streptococcus mitis, and Streptococcus
viridans. A bacterial organism was not identi-
fled in 12 patients (36%).

Nine of 33 patients (27%) died during
hospitalization. Among those who died, the
median time to death from hospitalization
was 4 (IQR, 1-12) days, the median LDH level
was 300 (IQR, 231-443) U/L, and the median
initial lactate level was 3.7 (IQR, 3-4.6) mmol/
L. Causes of death were attributed to multior-
gan failure from septic shock.

Comparative Analysis

When comparing the 2 groups, the LDH level
obtained during hospitalization was the only
statistically ~ significant variable observed
(P=.005; Table 1). There was no statistical dif-
ference when comparing age at the time of
hospitalization, sex, history of NHL, frequency
of aggressive NHL, total previous lines of treat-
ment, and values for hemoglobin, white blood
cell count, platelets, creatinine, serum
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TABLE 2. Univariate and Multivariate Analysis for Overall Survival From Date of Hospitalization (Cox

proportional hazards regression model)

Univariate Analysis Multivariate Analysis

Variable Hazard Ratio 95% Cl P Hazard Ratio 95% Cl P

Age at hospitalization |4 0.34-6.6 66

Sex (male/female) .62 0.75-351 22

Hemoglobin 0.88 0.73-1.05 A

White blood cell count .1 026-4.2 87

Platelets 0.37 0.07-1.53 20

Creatinine 0.66 0.09-2.94 63

Serum albumin 0.08 0.02-0.44 0034 05 0.01-027 <00l
Lactate (mmol/L) 2.64 0.6-8.67 5

Lactate dehydrogenase (U/L) 253 4.8-1165 <.001* 27.8 4.0-160.1 <.001°

“Statistically significant.

albumin, initial serum lactate, and peak serum
lactate between the 2 groups.

The LDH levels continued to be indepen-
dently significant in multivariate analysis
(P=.003) that included age at the time of hos-
pitalization, sex, and values for hemoglobin,
white blood cell count, platelets, creatinine,
serum albumin, LDH, and serum lactate. The
sensitivity and specificity of serum LDH levels
2 or more times the ULN for progressive dis-
ease were 56% (95% CI, 33%-79%) and
85% (95% CI, 73%-97%) respectively.

Cox Regression Analysis

On univariate analysis, the factor predictive of
improved OS for the entire cohort was higher
serum albumin level (HR, 0.08; 95% CI, 0.02
to 0.44; P=.003), whereas higher serum LDH
level (HR, 25.3; 95% CI, 4.8 to 116.5;
P<.001) was predictive of inferior OS. These
factors were included in a multivariate analysis
that revealed serum LDH level (HR, 27.8; 95%
CI, 4.0 to 160.1; P<.001) to be independently
predictive of inferior OS, whereas higher
serum albumin level (HR, 0.05; 95% CI
0.01-0.27; P<.001) was independently pre-
dictive of improved OS (Table 2).

DISCUSSION

Our study demonstrates that in patients with
lymphoma with lactic acidosis, a serum LDH
level may be a useful biomarker to alert physi-
cians that the patient may not have sepsis
alone  but could have  progressive

lymphomatous disease. In this cohort, patients
with progressive lymphoma had serum LDH
levels that were 2.5 times higher than those
for patients with sepsis alone. Elevated LDH
level is usually seen only when there is marked
tissue death, such as in hemolysis, myocardial
infarction, ischemic hepatitis, and cancers in
which cell turnover is high.”'”*" Among our
patients who had biopsies confirming tumor
progression, all had a high cell proliferative
rate by Ki-67 staining. Thus, it is not surpris-
ing that patients who have aggressive lympho-
matous disease are likely to have significantly
elevated LDH levels due to increased cell turn-
over and tumor hypermetabolism, whereas pa-
tients with sepsis should not have elevated
LDH levels unless they have overwhelming
multiorgan failure.

Additional information that may help
differentiate between sepsis alone vs progres-
sive lymphoma is the time to lactate level
normalization. In patients with sepsis who
are improving with standard care, including
intravenous fluid resuscitation, antibiotic ther-
apy, source control, and other supportive
measures, improvement in the distributive
shock state generally results in resolution of
the lactic acidosis.”**” However, in patients
with type B lactic acidosis from progressive
lymphoma, the lactic acidosis does not resolve
with these measures because the lactic acidosis
is caused by ongoing increased tumor cell
metabolism. As observed in our study, 57%
(13/23) of patients in the sepsis only group
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had normal lactate levels by 48 hours, whereas
0% (0/14) of patients had normal lactate levels
in the progressive lymphoma group by 48
hours.

In Figure 2,”" we provide an illustration of
the interrelationship between lactate and LDH
levels in normal cells and tumor cells. In
Figure 3, we propose an algorithm to assist
physicians in distinguishing between progres-
sive lymphoma vs sepsis in patient with known
lymphoma and lactic acidosis. In particular, we
highlight the importance of obtaining a serum
LDH level as soon as possible in patients with
lymphoma who present to the hospital with
sepsis. In our study, serum LDH levels 2 or
more times the ULN had a high specificity for
progressive lymphoma. These patients need ur-
gent evaluation and hematologic consultation
because early recognition of progressive

lymphoma may allow for prompt initiation of
treatment that would likely lead to improved
patient outcomes.

However, it should be noted that we had 8
patients with progressive lymphoma who did
not meet the recommended serum LDH level
cutoff, and among these patients, 4 died dur-
ing the hospitalization. All these patients had
an aggressive NHL (DLBCL, Richter’s transfor-
mation, mantle cell lymphoma, and T-cell
lymphoma). Thus, even if a patient with an
aggressive lymphoma has an LDH level less
than 2 times the ULN, the differential diag-
nosis of progressive disease should still be
considered, especially if the patient does not
improve with intravenous antibiotics. Further
studies in the metabolomics of lymphoma
are needed to investigate why a subset of pa-
tients do not have elevated LDH levels despite
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progressive lymphoma and an elevated serum
lactate level.

In our cohort, patients with lactic acidosis
with progressive lymphoma had significantly
inferior OS compared with those with lactic
acidosis with sepsis alone. This finding is not
surprising because most patients with progres-
sive lymphoma were not medically fit to un-
dergo subsequent chemotherapy due to
being too ill from their lymphoma. Without
being able to address the progressive disease,
it is expected that patients would die of com-
plications related to their lymphoma. We also
observed that a higher serum LDH level was
predictive of inferior OS, whereas higher
serum albumin level was predictive of better
OS for the overall cohort. A higher serum
LDH level suggests increased cell death and
higher LDH levels have been shown to be a
prognostic ~ marker  for  poor = out-
comes.''**"*” However, higher serum albu-
min level was predictive of improved OS. A
possible explanation for this finding is that
additional comorbid conditions and worse
nutritional intake may contribute to hypoalbu-
minemia and negatively affect OS.”°

Finally, it should be noted that our study
had 4 patients in the progressive lymphoma
category who survived the hospitalization,
were eventually discharged, received subse-
quent chemotherapy, and had long-term sur-
vival. This emphasizes the importance of
early differentiation of progressive lymphoma.
Of note, these patients had serum LDH levels
less than 2 times the ULN.

Our study has limitations due to its retro-
spective nature. Not all patients with sepsis
had an identifiable organism, although blood
cultures are not perfectly sensitive for bacter-
emia’’ and sepsis may result from pulmonary,
urinary tract, and abdominal sources, among
others, without concurrent bacteremia. We
may have introduced selection bias because pa-
tients were excluded if they did not have an
LDH sample drawn during hospitalization.
However, the lack of an available serum LDH
level is likely an indicator that physicians are
not aware of type B lactic acidosis and are not
considering progressive lymphomatous disease
in their differential diagnosis. Most patients in
our progressive lymphoma group were unable
to undergo '®F-labeled fluoro-2-deoxyglucose
positron emission tomography CT due to

presenting with presumed sepsis
lactic acidosis

Patient with history of lymphoma

and

|

Serum LDH
Serial lactate

v

’

>2x ULN
or
Lactate fails to normalize in 48 h

< 2x ULN
or
Lactate resolves

|

|

Rule out progressive lymphoma | | Continue treatment with antibiotics ‘

|

|

Hematology consult
Consider CT chest/abdomen pelvis

| No improvement with antibiotics ‘

!

| Consider hematology consult ‘

dehydrogenase; ULN, upper limit of normal.

FIGURE 3. Algorithm outlines an approach to differentiating sepsis only vs
progressive lymphoma in patients with a history of lymphoma. LDH, lactate

critical illness. Finally, our study is subject to
tertiary bias. We also note that we were unable
to further validate our findings with biobank
samples because both lactate and LDH samples
must be analyzed fresh. Thus, validation of our
results will need to be performed prospectively.
Finally, given that serum LDH level has been
used as a prognostic tool in other malig-
nancies,' *" future studies should investigate
whether serum LDH level can be used as a
marker to distinguish between sepsis only vs
progressive disease in patients with a pre-
existing history of other types of cancer.

CONCLUSION

It is challenging to differentiate between type
A and type B lactic acidosis in patients with
lymphoma. Our study suggests that serum
LDH and serial lactate values may be reliable
markers to differentiate patients who have
progressive lymphoma from those who have
sepsis only. Serum LDH levels should be ob-
tained in all hospitalized patients with lym-
phoma who have lactic acidosis and those
with LDH levels 2 or more times the ULN
should be promptly referred for hematologic
consultation and consideration for tumor

429


https://doi.org/10.1016/j.mayocpiqo.2021.01.012
http://www.mcpiqojournal.org

MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

430

imaging, biopsy, and/or empiric treatment to
slow or stop tumor hypermetabolism.

ATP = adenosine triphos-
phate; CoA = coenzyme A; CT = computed tomography;
DLBCL = diffuse large B-cell lymphoma; GLUT = facilitative
glucose transporter; HR = hazard ratio; IQR = interquartile
range; LDH = lactate dehydrogenase; MCT = mono-
carboxylate transporter; NAD = nicotinamide adenine
dinucleotide; NADH = nicotinamide adenine dinucleotide
and hydrogen; 0, = oxygen; NHL = non-Hodgkin lym-
phoma; 0S = overall survival; TCA = tricarboxylic acid;
ULN = upper limit of normal
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