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Summary

Engraftment fever (EF) is a common complication of
autologous HSCT (AHSCT). It is difficult to discern it
from infectious fever (IF). We studied the significance
of total blood leucocyte count (TLC) to C-reactive pro-
tein (CRP) ratio in differentiating EF from IE. 109 con-
secutive AHSCT patients were retrospectively analysed
between March 2011 and August 2013. Breakthrough
fever (BF) was defined as new-onset fever preceded by
an afebrile period of at least 48 hours. The BF episodes
were classified as IF or EF. Infectious fever was diag-
nosed in case of blood culture positivity, radiological
signs of infection, or fever subsiding within 48 hours of
changing the antibiotics. Engraftment fever was defined
in cases associated with rising leucocyte counts without
identifiable infective focus. EF responded well to steroid
therapy. Daily TLC and CRP values were obtained from
patients’ records. Optimal cut-off value of ratio on day of
BF was obtained by plotting ROC curve. Sensitivity and
specificity were calculated at this value.
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Among 109 cases, the breakthrough fever manifested in
seventy patients. The median term for BF was day +9.
Sixty-two patients had the EF. Median value of TLC/
CRP ratio on the day of BF was significantly higher in
patients with EF than with IF (0.139 vs 0.038, p=0.013).
With ROC analysis, the AUC value was 0.78 (95%CI —
0.66-0.89, p<0.0001). The ROC curve provided the op-
timal TLC/CRP value of 0.056. Using a ratio >0.056 for
EE the sensitivity and specificity were 63% (95%CI 50-
75%) and 100% (95%CI 63-100%) respectively. TLC/
CRP ratio >0.056 is highly specific for EE. Prospective
studies are warranted to confirm these findings.

Keywords

Total leukocyte count, C-reactive protein, engraftment
fever, infectious fever, stem cell transplant, autologous.
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Introduction

Engraftment-related fever and engraftment syndrome are
well-known phenomenon post autologous HSCT. Engraft-
ment syndrome refers to the constellation of features associ-
ated with engraftment including fever, skin rash, fluid reten-
tion, weight gain, and non-cardiogenic pulmonary edema.
These features constitute the major criteria of the proposed
definition of engraftment syndrome [1]. However, some
studies have defined this syndrome differently and its re-
ported incidence varies widely from 7% to as high as 59% in
some studies [2-7]. The period of onset of engraftment-relat-
ed fever often coincides with the time when the patients are
likely to have fungal and bacterial infections. Hence, antibi-
otics are often escalated at the time of onset of breakthrough
fever. This leads to increased use of antimicrobials and con-
sequently adds significantly to health care costs.

There is no reliable clinical or laboratory parameter which
helps to differentiate engraftment related fever from infec-
tious fever. One study has shown that the ratio of Interleu-
kin-12 to Interleukin-6 could reliably distinguish infectious
from non-infectious fever following autologous HSCT [8].

Table 1. Patient characteristics

However, measurement of interleukin levels is not available
in most transplant centres. Our study stemmed from person-
al observations that the relative increase in total leukocyte
count (TLC) is greater than the relative increase in C-reac-
tive protein (CRP) in patients with engraftment fever where-
as the reverse is, generally, seen in infectious fever. With this
observation, we aimed to study whether the TLC/CRP ratio
helps to distinguish infectious fever from engraftment-relat-
ed fever in the patients undergoing autologous HSCT.

Patients and methods

Patient characteristics

This is a retrospective analysis of all autologous transplants
from March 2011 to September 2013 at a single centre. One
hundred and nine consecutive autologous transplants were
included in the analysis (Table 1). Fifty-three patients had
Hodgkin lymphoma, 19 had Non Hodgkin lymphoma, 34
had multiple myeloma and 3 had neuroblastoma. The median
age was 32 years (range 2-63 years). Eighty four patients were
males. At the time of transplant, 67 (61%) patients were in
complete remission and 37 (34%) were in partial remission.

Characteristic Entire cohort Patients with Patients with Patients with P value#
BF* EF* IF*
No of patients 109 70 62 8 -
Median age 32 (2-63 years) 34 (8-63 years) | 34 (8-63 years) | 28 (8-55 years) | 0.865
Gender, males (%) 84 (76%) 50 (M%) 45 (73%) 5 (63%) 0390
Diagnosis
Hodgkin disease 53 (49%) 36 (51%) 32 4 0.7m
Non Hodgkin lymphoma 19 (17%) 14 (20%) 14 0 0.667
Multiple myeloma 34 (31%) 19 (28%) 16 3 0.561
Others 3 (3%) 1(1%) 0 1 0.561
Disease status at transplant
Complete remission 67 (61%) 48 (69%) 43 5 0332
Partial remission 37 (34%) 19 (27%) 16 3 0.337
Disease 5 (5%) 3 (4%) 3 0 0.920
Source of stem cells, PBSC (%) 103 (95%) 68 (97%) 6l 7 0.400
(Conditioning regimens
Lymphoma* 0.899
LACE 69 47 43 4
LEAM 1 1 1 0
BEAM 2 2 2 0
Multiple myeloma 0.838
Melphalan 31 7 14 3
Melphalan + Bortezomib 3 2 2 0
Neuroblastoma -
Busulphan + Melphalan 3 1 0 1
Time to myeloid engraftment 11 days 10 days 10 days 9 days 0.703
Time to platelet engraftment 13 days 13 days 13 days 12 days 0.802
* For abbreviations, refer text
# P value is for comparision of the entire cohort with cohort of patients with breakthrough fever
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Chemotherapy and granulocyte colony stimulating factor
(G-CSF) were used for stem cell mobilization in 100 (92%)
patients while only G-CSF was used in 4 (4%) patients.
G-CSF with plerixafor was used in 1 patient. Four (4%) pa-
tients did not receive any form of mobilizing drug. All these
4 patients received marrow grafts. All patients with multiple
myeloma received melphalan based conditioning regimen,
either melphalan alone (n=31) or with bortezomib (n=3).
Lymphoma patients received conditioning with lomustine +
cytarabine + cyclophosphamide + etoposide [LACE (n=69)],
lomustine + etoposide + cytarabine + melphalan [LEAM
(n=1)] or carmustine + etoposide + cytarabine + melphalan
[BEAM (n=2)] regimen. Patients with neuroblastoma re-
ceived busulfan + melphalan conditioning. Peripheral blood
stem cells graft was used in 103 (95%) patients and bone
marrow graft was used in 5 (5%) patients. One patient re-
ceived a combined marrow and PBSC graft. Stem cells were
cryopreserved for a median of 43 days (17-301 days). The
median dose of CD34 cells infused was 4.6x10° per kg. Neu-
trophil and platelet engraftment occurred at a median of 11
days and 13 days, respectively.

TLC and CRP were measured in the frames of routine blood
analyses daily in the morning for all patients from the day of
admission to the day of discharge and TLC/CRP ratio was
calculated. Complete blood counts were done by Beckman
HMX coulter. CRP was measured by the particle-enhanced
turbidimetric immunoassay (PETIA) technique. Appropri-
ate clinical and laboratory data were retrieved from patients’
files.

Clinical definitions

Engraftment: Myeloid engraftment was defined as TLC
>1x10%/L for 3 consecutive days or absolute neutrophil count
greater than or equal to 0.5x10°/L for 2 consecutive days,
whichever was earlier. Platelet engraftment was defined as
the first day of consecutive 7 days when platelet count re-
mained about 20x10°/L without need for platelet transfusion.

Peri-engraftment period: Peri-engraftment period was de-
fined as period of 72 hours prior to myeloid engraftment to
96 hours after engraftment.

Breakthrough fever: Fever >38°C with onset in peri-engraft-
ment period (usually during the 2" week post-transplant)
after being afebrile for at least 48 hours. Episodes of break-
through fever were classified as either infectious fever, or en-
graftment-related fever.

Continuous fever: Patients with fever persisting over 2
week post-transplant without an afebrile period, or with afe-
brile period of <48 hours were classified as having continu-
ous fever.

Infectious fever: The condition was classified as infectious
fever if blood culture (or culture from any other normally
sterile site) was positive, or in case of radiological signs of
infection or if fever subsided within 48 hours after change
of antibiotics.

Engraftment fever: Engraftment fever was defined as fever
with onset in the peri-engraftment period, without any evi-
dence of associated infectious cause, and responding to sys-
temic steroid therapy.
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Anti-infective prophylaxis

All the patients received prophylaxis with an anti-fungal
agent (voriconazole or posaconazole) and acyclovir. Anti-
fungal prophylaxis was started on day -1 and continued till
resolution of neutropenia. In patients receiving systemic
steroids for engraftment fever, antifungal prophylaxis was
continued until the steroids were stopped. Acyclovir was giv-
en for up to 6 months post HSCT. Patients receiving system-
ic steroids for engraftment fever also received cotrimoxazole
prophylaxis. No antibacterial prophylaxis was performed for
the period of neutropenia.

Use of growth factors

Filgrastim (G-CSF) was used in all autologous transplants.
In patients with lymphomas and neuroblastoma, it started
on the next day after stem cell infusion (Day +1). In patients
with myeloma, it was started on day +5 post-transplant. In
all the patients, it continued until myeloid engraftment.

Treatment strateqy for breakthrough fever

Treatment-related decisions were made at the discretion of
treating physician. In general, antibacterial or antifungal
drugs were added at the onset of breakthrough fever. The
antibiotics were continued if the patient became afebrile by
48 hours. If the patient remained febrile beyond 48 hours
and blood culture had grown an organism, then antibiotics
were modified according to the sensitivity reports. If the fe-
ver persisted beyond 48 hours, and there was no evidence
of any infective cause, then systemic steroids were started.
In few patients with high clinical suspicion of engraftment
fever, systemic steroids were started at the onset of break-
through fever. Initially methylprednisolone was started at a
dose of 1-2 mg per kg per day and subsequently changed to
oral prednisolone. Prednisolone was tapered every 3™ to 7%
day as per discretion of the attending clinician.

Statistical analysis

We studied the trends of TLC:CRP ratio during the course
of HSCT. We studied the absolute value of this ratio on the
day of breakthrough fever to determine if it helps in distin-
guishing engraftment-related fever from infectious fever.
Optimal cut-off value of the ratio on the day of breakthrough
was obtained by plotting a receiver operating characteristic
(ROC) curve. Sensitivity and specificity indices were calcu-
lated from this value. We also calculated the absolute rise of
the ratio from its nadir to post-nadir value (i.e the lowest
value and the value on the next day) and studied, whether
this absolute rise helps to predict the occurrence of engraft-
ment fever. Categorical data were analysed with chi-square
test; continuous data with Mann-Whitney test. Analysis was
done by SPSS software (version 18).

Results

Among the 109 patients subjected to autologous HSCT, sev-
enty patients (64%) developed breakthrough fever in the 2™
week post-transplant. Fourteen patients (13%) had continu-
ous fever while 22 (20%) patients did not have fever at any
time in the 2™ week. Three patients (3%) expired prior to day
7 (all 3 due to pneumonia with sepsis). Of the 70 patients
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with breakthrough fever, 19 had multiple myeloma, 36
suffered with Hodgkin lymphoma, 14 had non-Hodgkin
lymphoma, and one patient had neuroblastoma. The char-
acteristics and engraftment kinetics of the cohort with
breakthrough fever were not different from the entire cohort
(Table 1).

The median day of the breakthrough fever onset was day
+9 (ranges, day +7 to day+15). Sixty-two patients had en-
graftment-related fever; 15 of these had a full-blown engraft-
ment syndrome. The overall incidence of engraftment fever
was 57% (62 of 109 patients). Among the 62 patients with
engraftment fever, one patient died due to full-blown en-
graftment syndrome. All others recovered. Peri-engraftment
hepatic and renal dysfunction was seen in 2 patients each.
Antibiotics were escalated in 35 of 62 (56%) patients with
engraftment fever at the time of onset of breakthrough fever.
All the patients with infectious fever got well (Table 2).

Trend of TLC-to-CRP ratio following HSCT in
myeloma patients

The ratio of TLC (expressed in 109/ml) to CRP (expressed
in mg/dl) followed a parabolic curve. It had a median value
of 12.35 (range 2.34-60) at day -3 of HSCT and gradually
declined to a median nadir value of 0.02 (range 0 to 0.16)
(Fig. 1). The nadir was attained at a median of 9 days
post-transplant. A rising trend of the ratio was first evident
at a median of 10 days. This was followed by a gradual rise in
ratio towards baseline.

Trend of TLC-to-CRP ratio after HSCT in lympho-
ma patients

The curve of TLC:CRP ratio was also parabolic in the pa-
tients with lymphoma. The median value of the ratio when
starting the conditioning chemotherapy (on day -8) was 5.35
(range 0.41 to 83). It reached a nadir median value of 0.01
(range 0-7.55) on day +2. It remained at the nadir level till
day +5. Rising trend of the radio was first evident on day +6.
A rising trend of the ratio preceded neutrophil engraftment
by a median term of 5 days (Fig. 2).

Table 2. Breakthrough fever and clinical outcomes
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Figure 1. Trend of TLC.CRP ratio during the course of
HSCT in myeloma transplants
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Figure 2. Trend of TLC:CRP ratio during the course of
lymphoma transplants

Clinical parameter/outcome No of patients (%)
Patients with breakthrough fever 70 (100%)
Day of onset of breakthrough fever, median (range) 9 (7-15)
Engraftment fever 62 (89%)

Engrafment syndrome 15 21%)
Infectious fever 8 (1%)
(linical outcome in engraftment fever (n=62)

Recovery 61(98%)

Death 1(2%)
(linical outcome in infectious fever (n=8)

Recovery 8 (100%)

Death 0 (0%)
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Absolute value of the TLC:CRP ratio on the day
of breakthrough fever

We also examined, whether the absolute value of the TL-
C:CRP ratio on the day of breakthrough fever may help in
identifying the cause of fever. The median value of this ratio
in patients with engraftment fever was significantly high-
er than among the patients with infectious fever (0.139 vs
0.038, p=0.013). A ROC curve was constructed for TLC:CRP
ratio. The area under the ROC curve was 0.78 (95% CI - 0.66
to 0.89, p <0.0001). This indicates that the test has potentially
good diagnostic usefulness. The curve provided an optimum
cut off value of 0.056 to discriminate between engraftment
and infective fever (Fig. 3).

AUC=0.777

Optimal out off - 0.056
Sensitivity - 63%
Specificity - 100%

True positive race (Sensitivity)

01 02 03 04 05 05 07 08 09 1
False positive race (1 - Specificity)

Figure 3. ROC curve for cut-off of absolute value of
TLC:CRP ratio on the day of breakthrough fever for de-
tecting engraftment fever

A ratio greater than or equal to 0.056 on the day of break-
through fever had sensitivity of 63% (95% CI 50 — 75%) and
specificity of 100% (95% CI 63 — 100%) for detecting engraft-
ment fever. The positive and negative predictive values of ra-
tio >0.056 for engraftment related fever were 100% (95% CI
89 - 100%) and 26% (95% CI - 13-45%). Thus, a TLC:CRP
ratio of >0.056 is absolutely specific for engraftment fever.

Absolute rise in ratio from nadir value to pre-
dict risk of engraftment fever

We studied the rise in ratio from its nadir value to the post
nadir value (i.e. value on the next day) and attempted to see
if a cut-oft could be found, thus helping to predict increased
risk of developing engraftment related fever. However, at
various cut-off values ranging from 0.001 to 0.01, approx-
imately 60% of the patients developed engraftment fever.
Thus, no particular cut-oft value predicting an increased risk
of developing engraftment fever could be determined in our
patient cohort (p=NS) (Table 3). The median increase from
the nadir to the post-nadir value was not different in patients
with and without engraftment related fever (0.008 vs 0.010,
p=0.72).

Discussion

Engraftment fever is a well-known entity post autologous
HSCT and occurs in the peri-engraftment period [1]. How-
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Table 3. Incidence of engraftment fever according to
absolute rise in ratio from its nadir value to post nadir
value

Cut-off Incidence of engraftment
related fever
0.001 61%
0.002 64%
0.003 63%
0.004 63%
0.005 61%
0.006 60%
0.007 62%
0.008 61%
0.009 60%
0.010 59%

ever, this is also the time when transplant patients may devel-
op fungal and bacterial infections. Unfortunately, there is no
laboratory marker or test in routine clinical use which helps
to distinguish engraftment related fever versus infectious fe-
ver. The distinction is largely based on clinical judgement.
Antimicrobials are often escalated in patients who develop
breakthrough fever during peri-engraftment period, since it
is not always possible to discriminate it from infective fever.

Few studies have tried to differentiate engraftment fever
from infectious fever. A study from Memorial Sloan-Ket-
tering Institute suggested that ratio of serum interleukin 12
to interleukin 6 at the time of breakthrough fever helps to
discriminate between engraftment and infectious fever [8].
This group studied the levels of various cytokines in serum at
various time points following autologous HSCT and found
that value of ratio >4.1 at the time of breakthrough fever has
a sensitivity of 95% and specificity of 75% for detecting en-
graftment fever. Although several functions of interleukin 12
are known, one of the important functions is to enhance the
proliferation of hematopoietic progenitor cells [9-11]. Also,
it is well established that interleukin-6 is the major stimula-
tor of C-reactive protein [12, 13]. Hence, from a biological
perspective, the ratio of TLC to CRP could be used as a sur-
rogate marker for the ratio of serum IL-12 to IL-6.

A major problem with the use of serum cytokine levels is
the lack of availability of these at most centres. On the other
hand, measurements of TLC and CRP values are available
at most centres and are relatively inexpensive. The cut-off
value of TLC/CRP ratio 0.056 identified in our study has a
higher specificity, but lower sensitivity than the IL-12 to IL-6
ratio reported in the previous study [8]. In this study, 17%
of episodes of breakthrough fever occurring after neutro-
phil engraftment were associated with infection. This value
is similar to that found in our study (8 of 70 episodes, 11%).
Similar to our study, the median value of IL-12 to IL-6 ratio
was significantly higher in patients with non-infectious fever
compared to those with infectious episodes. The study re-
ported a sensitivity and specificity of 95% and 75% at a cut-
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off of 4.1. The area under the ROC curve was 0.88 for the
IL-12 to IL-6 ratio with 95% CI being 0.79-0.97.

To conclude, a rising trend of the ratio of TLC:CRP is de-
tected prior to neutrophil engraftment. An absolute value of
the ratio greater than or equal to 0.056 at the time of break-
through fever is highly specific for engraftment fever. Fur-
ther prospective studies are warranted to confirm the find-
ings of this small study. If the findings are confirmed, they
could help to prevent unnecessary use of anti-bacterials and
anti-fungals in post-transplant period.
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CooTHOLIEHMe KoNUYecTBa NelnkounTtos n (-peakTms-
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aLumn mexkay MHGeKLUMOHHOW NINXOPaKoi N CUHAPO-
MOM NPWXUBNEHUS  NALMEHTOB NOCe ayTo/IOrMUYHOM
TPAHCMNAHTALMM FeMONO3TUYECKNX CTBOMOBBIX KNETOK?
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Pe3slome

«JInxopanka mpyokusneHusi» (JIII) sABrseTcs 4acTbIM
OCTIO>KHEHMEM ayTOIOTMYHON TPaHCIUIAHTALMM TeMO-
noaTnyeckux cTBonoBbix KineTok (TTCK). Ee cnoxno
oTmunTh OT MHQeKIoHHoi nuxopanku (VJI). Mer
JCCTIENIOBAIM 3HAYMMOCTD IIOKa3aTelsd COOTHOLIEHNs
001IIIero0 4MCIa JIeKOIUTOB KPOBM K KOHI[EHTPALUy
C-peaxtuBHOro 6enka npu guddepeHIzaTbHOM fua-
raose mexay JIIT u WJI. Ipynma ns 109 nanyeHToB 110-
cne ayro-TI'CK 6b11a 06c/IefoBaHa peTPOCIIeKTUBHO B
nepuop Mexxay Mmaprom 2011 r. u aBrycrom 2013 r. JIu-
xopagouHoe coctossaue (JIC) onpenensanoch Kak amxo-
pajika, pasBuBaromasicsa de novo 1mocie adedpUIbHOTO
neproga 6onee 48 gacos. dmusopsr JIC kmaccuduim-
poBanu Kak JIIT min VJI. VIHbeKunoHHYIO TMXOpafKy
AMArHOCTUPOBA/IN B C/Iy4yae IO3UTUBHONM T'€MOKY/IbTY-
PbI, PaJIONIOINYECKIX CYMIITOMOB MHMEKINI WM JTU-
XOpajKy, Ipofo/bKarollelica B TedeHne 48 yacos nocrue
CMeHbl aHTUOMOTMKA. «JIMXOpajKy MpPVOKMBIEHVIS»
OIpefie/iA/IM B CAydYasX, CBA3AHHBIX C IIOBBILIIEHUEM
JIeJIKOINTO3a 6e3 OYeBMIHOTO MH(QEKIMOHHOIO OYa-
ra. JII1 xopomo orBeYana Ha /ie4eHME CTEPOUTHBIMM
ropMoHamy. E>KeHeBHble IIOKa3aTelM JIEHKOLMTO32
u C-peakTBHOro 6ermKa (GpUKCHPOBaIM MO UCTOPUAM
6onesHn. ONTUMaNbHbIA ITOKa3aTeab OTcedeHus (cut-
off value) maHHOrO COOTHOIIEHNA Ha [ieHb HOSIBICHI
NMXOPATOYHOIO COCTOSHMA ONIPEEANN METONOM II0-
crpoennsa Kpusbix ROC. YyBcTBUTENBHOCTD M CIIEIIN-
(OUYHOCTD METOAA BBIUNCILANIU 1O STOMY HOKa3aTesIio.
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ITo pesynbraram ananmsa 109 cryyaes, TMXOpajiouHbIe
COCTOSIHVISI IPOSIBIUINCH § 70 HaryeHToB. MennaHHbIM
CPOKOM Da3BUTHUA JIMXOPATOYHOTO COCTOSHUS OBUI
nenb +9 nocine TTCK. 62 mamenTa nmenu JII1. Mepmna-
Ha COOTHOIIEHN JIeliKonuTo3a K C-peakTuBHOMY 6el-
Ky B [IeHb PasBUTVsI MXOPAJOYHOIO COCTOSHIS ObUIa
3HAYMTE/IbHA MOBbINIEHA Y anyeHToB ¢ JIII mo cpaBHe-
Huto ¢ VJI (coorBerctBeHHO, 0,139 u 0,038, p=0,013).
[Tpn ROC-ananuse, mroma s mox Kpusoit (AUC) 6suta
0,78 (95%CI - 0,66-0,89, p<0,0001). V3 rpaduxa ROC
BBIYMC/IEHO ONTHMMA/IbHOE COOTHOIIEHNE JIEKOLMTO3a
K C-peakTuBHOMY OenKy, paBHOe >0.056 misa «imxo-
PaIKyL IPVOKVBIEHVS» TIPY YYBCTBUTENBHOCTY Y CIIEL]-
UGUYIHOCTY, COOTBETCTBEHHO, 63% (95%CI 50-75%) n
100% (95%CI 63-100%). CoOTHOILIEHE YMC/IA JIENKO-
1uToB K C-peaktuBHOMY OenKy (>0,056) BBICOKO CIeli-
MQUYHO 15 IMXOPARKU NpYoKuB/eHyst. Heo6xommmel
MIPOCIIEKTUBHBIE UCCIENOBAHNUA I TIOATBEPKIEHUS
9TUX PE3y/IbTATOB.

Kniouesble (10Ba

JlevikoruTo3 061, C-peakTUBHBIN O€I0K, MMXOopaf-
Ka IPVDKUBIIEHVS, MHPEKIMOHHAs NMX0pagKa, TPAHC-
IUTAHTAIV CTBOJIOBBIX KPOBETBOPHBIX KIIETOK, Ay TO/IO-
TUYHas.
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